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INTRODUCTION 


A sensation of flickering phosphenes is aroused by an alternating cur- 
rent which is applied to the eye. With this sensation as an index, Moto- 
kawa and his co-workers!-*) determined the strength-frequency curve with 
several minima. They explained the minima of the curve as due to the 
result that the retinal receptors with varying time constants were selectively 
stimulated by alternating currents of varying frequencies. This explana- 
tion was supported by the fact that the same kind of retinal induction as 
caused by colored light*) could be induced by an alternating current of 
a frequency suitably chosen:5-®? 

In the previous paper,’’ it was found that retinal receptors were 
selectively stimulated by condenser discharges (C.D.), exponentially in- 
creasing currents (E.1.C.) and rectangular pulses (R.P.) of varying time 
constants or durations. In the present experiment, it was attempted to 
study the selectively stimulating actions of C.D., E.1.C. and R.P. of varying 
time constants or durations upon the retinal receptors, using the principle 
of retinal induction and its neutralization. 


EXPERIMENTAL 


Method 


Motokawa’s method consists in measuring the electrical excitability 
of the retina with a constant current of 0.1 second, taking the least per- 
ceptible phosphene as an index, following a conditioning stimulus applied 
to the dark-adapted eye. 

When red, yellow, green and blue lights are used for conditioning, the 
electrical excitability reaches a maximum 1, 1.5, 2 and 3 seconds respectively 
after termination of the conditioning light. 
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Percentage increases of electrical excitability are expressed in terms 
of € which is defined by the formula: €=100 (E-E,)/E,, where E and E, 
represent electrical excitabilities determined with and without the con- 
ditioning stimulus, respectively. ‘The test current was applied to the hu- 
man eye through a pair of silver electrodes of 2 x 1.5 cm? in size, the cathode 
placed on the forehead slightly above the eyebrow and the anode on the 
homolateral temple of the subject. The contact of the electrodes with 
skin is secured by the use of warmed electrode paste containing NaCl in 
high concentration. The polarization at the electrode is almost negligible 
against the polarization at the skin because of the high salt concentration 
in the conducting medium and the large area of the electrode. 

It depends solely upon the procedure to determine threshold values 
whether reproducible data of {-values are obtained or not. It is ab- 
solutely necessary to use the comparing procedure, as it is called, in order 
to obtain reliable values of threshold. ‘The procedure is as follows: The 
voltage is reduced step by step from a level high enough to elicit a distinct 
phosphene. When the subject can no longer discriminate an electric phos- 
phene from the background of intrinsic light, he demands a comparing 
procedure. The procedure consists of delivering at an interval of several 
seconds two electric stimuli, one of which is the stimulus in question and 
the other one far below the threshold. The two stimuli to be compared 
with each other are given in a randomized order. The subject is requested 
to answer the question which the stronger stimulus is, and informed every 
time whether his answer is right or wrong. When a right answer is ob- 
tained, the stimulating voltage is further reduced. When the answer is 
wrong, further trials with the same voltage are made to see if the dis- 
crimination will fail 2 times in 3 trials. If this is the case, the latest value 
of voltage is adopted as a threshold. Near the threshold the voltage is 
graded in steps of about 1°, because a trained subject can discriminate 
a difference of about 1%. Thus, we have reached a threshold, but this 
is not always the only, threshold which can be determined with our pro- 
cedure: A further trial with a stimulating voltage 5°%% lower than the 
threshold just reached may cause a curious phenomenon that the subject 
now easily succeeds in discrimination. ‘This is not due to an accidental 
fluctuation of the phosphene sensitivity of the subject, because this change 
is reproducible. In this way we can get the second threshold and some- 
times the third. In order to obtain the lowest threshold, it is economical 
of time to skip over higher apparent thresholds by grading the stimulating 
voltage in gross steps. At the transition stage from the first threshold to 
the second, a curious phenomenon can take place, that the subject sees 
a phosphene in response to a weaker stimulus rather than to a stronger one. 
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When the voltage is reduced further and approaches the second threshold, 
the subject feels a phosphene only in response to a stronger stimulus. This 
paradoxic phenomenon makes us foresee the existence of the second thres- 
hold, although its physiological mechanism is not clear. In our experi- 
ments, such a stimulating procedure is repeated 20 to 40 times in order to 
obtain one value of threshold. 

Trials are made at an interval of about 10 to 15 seconds, and about 
20 values of threshold are determined in one session. 

The accuracy of our measurements is such that a difference greater 
than two in ¢-values is usually significant. 

A circular disc of ground glass of 1° in visual angle illuminated from 
behind with spectral light from a spectroscope served as a target. The 
patch was always fixed centrally by the left eye, where a minute point of 
red light served as a fixation mark. The wave-lengths of spectral lights 
were calibrated in comparison with the line spectra from a sodium and 
a cadmium lamp. As a light source for the spectroscope, an automobile 
headlight lamp was used. The intensity of spectral light was roughly 
adjusted to the equal energy by controlling the width of the entrance 
slit of the collimator. The intensity of white light used was always fixed 
at 70 lux. 

The circuits for producing condenser discharges (C.D.), exponentially 
increasing currents (E.I.C.) and rectangular pulses (R.P.) which were 
used as conditioning stimuli, were almost the same as those used by Kuro- 
sawa.”? 

As was shown in the previous paper, the supernormality of the electrical 
excitability following a conditioning stimulus is most marked when the 
intensity of the conditioning electric stimulus is made equal to the threshold 
intensity. The intensity of the conditioning electric stimuli used was 
made about 10% below the threshold, lest the phosphene caused by the 
test stimulus should be confused with that caused by the conditioning 
stimulus when the interval between the two stimuli was short. The dura- 
tion of an exponentially increasing conditioning stimulus was fixed at 
0.5 seconds. 

The other procedures will be described together with the results. 


Results 


As was shown by Motokawa®?, the curves of the electrical excitability 
of the eye as tested by a constant current pulse of 0.1 second reach a maxi- 
mum 1, 1.5, 2 and 3 seconds respectively after the end of illumination 
when red, yellow, green and blue lights are used for pre-illumination. The 
curve for purplish light shows two maxima at | and 3 seconds. When 
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white light is presented after any colored light, the location of the maximum 
in the excitability curve as determined after removal of the white light 
does not coincide with that for the colored light alone, but with that for 
the complementary color. Examples are illustrated in A,, B,, C, and D, 
of Fig. 1. The curve connecting solid circles is the excitability curve for 
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Fig. 1. Retinal induction caused by colored lights and by electric cur- 
rents of various wave-forms. Procedure for experimentation is shown in 
insets, where R, Y, G, B, W, S and t represent red light, yellow light, green 
light, blue light, white light, a test electric stimulus and the interval between 
W and S respectively. Colored light and W applied to same area. 


white light alone in each case. The curve for the successive stimuli, green 
and white, is decidedly higher than the curve for white light alone, and 
has two maxima at | and 3 seconds (Fig. C,). A curve of such form can 
be obtained by purplish light, the complementary to green, as mentioned 
above. Similarly, the other curves for the combined stimuli are com- 
plementary in character to the curve which would be obtained for the 
colored light alone. This phenomenon was termed “ retinal induction ” by 
Motokawa.*? 

In the following it will be shown that retinal induction can be pro- 
duced, using an electric stimulus of suitable form and time constant instead 
of colored light. The curve connecting empty circles in Fig. 1 A, shows 
the result of retinal induction obtained by a C.D. of time constant of 2 
msec. (condenser capacity 0.1 “F) which was shown by Kurosawa to be 
equivalent to red light. The maximum of the curve lies at about 2 seconds, 
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showing an effect equivalent to that of red light used as inducing light 
(compare A, and A). 

Similarly, the curve connecting empty circles in Fig. 1 A; represents 
the example of the retinal induction, where the eye was first stimulated 
by a R.P. of 2.2 msec. in duration and then by the white light. This 
excitability curve shows almost the same shape as the curve obtained by 
the successive stimuli, red and white lights. Accordingly, the R.P. of 2.2 
msec. in duration can be used as a substitute for red light in experiments 
of retinal induction. This is in agreement with Kurosawa’s finding that 
a R.P. of 2.2 msec. alone causes an excitability curve having a maximum 
at 1 second. 

The next experiments B, and B, demonstrate that a C.D. of time 
constant 80 msec. (condenser capacity 4 #F) and a R.P. of 22 msec. in 
duration may be correlated to yellow light. When these conditioning 
stimuli are presented prior to white light, each curve determined after 
removal of white light has a maximum at 3 seconds just like the curve in 
B, (see curves connecting triangles in B, and Bs). The curves connecting 
semi-solid circles (C, and Cs) represent the excitability curves, obtained 
with a C.D. of time constant 320 msec. (condenser capacity 16 #F) and 
with an E.I.C. of time constant 26 msec. (condenser capacity 10 #F) 
used for induction. Both curves resemble the excitability curve for pur- 
plish light alone, having crest times at 1 and 3 seconds. Another example 
is shown in D, of Fig. 1. The curve connecting squares shows the excita- 
bility curve obtained with an E.I.C. of time constant 80 msec. (condenser 
capacity 32 wF) as the inducing stimulus. The excitability curve has a 
maximum at 1.5 seconds and thus resembles the curve obtained by suc- 
cessive presentation of blue and white lights (D,). From the facts stated 
above, it is evident that the conditioning electric stimuli have the same 
inducing effects as do colored lights. 

The following experiment was undertaken in order to demonstrate 
the effects of intensity of inducing electric stimuli on ¢-values. The 
temporal sequence of procedure is shown in the inset of Fig. 2. A C.D. 
of time constant 80 msec., an E.I.C. of time constant 80 msec. and a 
R.P. of 22 msec. in duration were used as the inducing stimuli (see curves 
connecting circles, squares and triangles in Fig. 2 respectively). 

As is shown in Fig. 2, ¢-values rise as the intensity of the inducing 
electric stimulus increases, and attain maxima at an intensity equal to 
the threshold one. In the intensity range above the threshold intensity, 
the curve decreases gradually as the intensity of the inducing stimuli in- 
creases. 

This relation is common to the stimuli of any kind. It is worthy of 
attention that the retinal induction takes place most strongly when the 
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MULTIPLES OF THRESHOLD 


Fig. 2. Effects of the intensity of conditioning stimuli upon increases in 
electrical sensitivity of the eye. Abscissas: Intensity of inducing electric 
stimulus in terms of threshold intensity. 


intensity of inducing electric stimuli is equal to the threshold intensity. 

The phenomenon of retinal induction stated above was further con- 
firmed by the next experiment based on another principle. 

As was shown in the preceding paper by Motokawa’, no retinal in- 
duction takes place when another colored light complementary to the in- 
ducing one is interposed between this and the subsequent white light. It 
is because that the after-effect of the inducing light is extinguished by the 
action of the colored light complementary to it. This phenomenon was 
designated “‘ neutralization of retinal induction”. In the next experi- 
ment, an electric stimulus of properly chosen time constant or duration 
was interposed at varying intervals between the preceding colored and 
the subsequent white lights. Retinal induction is expressed quantitatively 
by “contrast effect’. The contrast effect is defined as the difference 
between the maximal ordinate of excitability curve obtained by the pro- 
cedure of retinal induction and the corresponding ordinate of the control 
curve for white light alone. In Fig. 3, the values of contrast effect are 
plotted as ordinates against the intervals between the inducing colored 
light and the neutralizing electric stimulus. ‘The curves marked by crosses 
and solid circles represent control experiments, in which no neutralizing 
electric stimulus was used. The white test light was presented at varying 
intervals from the inducing colored light. In these control experiments, 
the contrast effect remained almost unchanged for a period of about 15 
seconds. 

Next, an E.I.C. of time constant 80 msec. which had been shown to 
be equivalent to blue light was applied to the eye at varying intervals after 
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INTERVAL BETWEEN INDUCNG LIGHT AND NEVTRALIZING STIMULUS 


Fig. 3. Neutralizing effect of electric stimuli upon retinal induction 
caused by colored lights. Neutralizing electric stimuli were applied to the 
eye at varying intervals afier exposure to inducing colored lights. The in- 
terval between inducing light and white light was fixed at 15 seconds. Or- 
dinates : contrast effects. 


removal of yellow inducing light, the interval between the inducing light 
and the white test-light being fixed at 15 seconds. The intensity of the 
neutralizing electric stimulus was equal to the threshold intensity. In 
this case, the contrast effect decreased as the interval between the inducing 
photic stimulus and the neutralizing electric stimulus increased, and was 
reduced to zero at 5 seconds (see full curve connecting squares in Fig. 3 A). 
As was shown by Motokawa!®, the retinal induction caused by any colored 
light is more liable to neutralization as the time elapses since its creation. 
Therefore, the more retarded its presentation, the more effective the 
neutralizing electric stimulus. 

When the intensity of the neutralizing electric stimulus was about 
2 times as high as the threshold intensity, it was found that the contrast 
effect was higher than in the former case, and that a complete neutraliza- 
tion took place at a longer interval (see broken curve connecting squares in 
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Fig. 3A). This means that the neutralizing effect of the electric stimulus 
above threshold is weaker than that of threshold strength, and we can 
understand this relation from the fact mentioned above that electric stimuli 
of any wave form have an optimal stimulating action upon the retinal 
receptors at an intensity equal to the threshold intensity. 

In the experiments mentioned above, yellow light of 585 my was 
used as inducing light. In the next experiments, blue light of 470 my was 
used for induction, and as neutralizing electric stimuli two kinds of stimuli, 
C.D. and R.P. were used, the other procedure being the same as in the 
above experiments. ‘The curve connecting empty circles and the curve 
connecting crosses enclosed by circles represent, respectively, the data 
obtained with a C.D. of threshold strength and another of an intensity 
2 times as high as the threshold intensity. The time constant of the C.D. 
used was 80 msec. so as to be equivalent to yellow light. The stronger 
neutralizing stimulus has proved to be less effective in this experiment, too. 
The relation can be seen in the experiments carried out with R.P. as 
neutralizing stimuli. The solid curve marked by triangles refers to the 
threshold intensity, and the broken curve of the same mark to an intensity 
2 times as high as the threshold intensity. The neutralizing action of the 
R.P. of threshold intensity is evidently stronger. In all the experiments 
of neutralization stated above, only the electric stimuli were used, which 
had been shown to be complementary to the inducing colored light. So, 
a systematic experiment was undertaken varying the wave form and time 
constant in a systematic manner. In the first place, we used C.D. of vary- 
ing time constants as neutralizing electric stimuli. The data obtained in 
such neutralizing experiments are shown diagrammatically in Fig. 4. The 
interval between the inducing photic stimuli and the neutralizing electric 
stimuli was fixed at 6 seconds. ‘This interval corresponds to the interval 
at which the contrast effect is reduced to zero at the threshold intensity. 
In this figure, the curve connecting semi-solid circles refers to red inducing 
light (650 my) and shows a complete neutralization over a range of time 
constant from 160 to 640 msec. Therefore, the C.D. with time constants 
in this range must have a neutralizing action equivalent to that of blue- 
green light, complementary to the inducing light. The curve connecting 
empty circles refers to green inducing light (530 mz) and shows a perfect 
neutralization at time constants around 25.6 msec. From this fact, the 
C.D. of these time constants must be equivalent to purplish light in 
neutralization. The curve connecting empty triangles represents the 
neutralizing action of C.D. upon the retinal induction caused by blue 
light (470 mz). Since a minimum of this curve is seen in a range of time 
constant of from 60 to 120 msec., the electric stimuli of these time constants 
must be equivalent to yellow light, complementary to blue. Although 
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Fig. 4. Neutralizing effects of C. D. upon retinal induction caused by 
colored lights. 


the interval between inducing light and the neutralizing electric stimulus 
was fixed at 6 seconds in the experiments stated above, a similar experi- 
ment was carried out without any interval between the two. The result is 
represented by a broken curve marked by solid triangles. 

The curve has a minimum over a time constant range from 60 to 
120 msec. running parallel with the corresponding curve obtained at the 
interval of 6 seconds between the two stimuli. It is to be noted that the 
contrast effect is not reduced to zero even at the minimum. ‘This shows 
again that retinal induction is more difficult to neutralize immediately 
after its creation than at later stages. 

In the following experiment, E.I.C. of varying time constants were 
used for a neutralizing electric stimulus (see Fig. 5). As can be seen in 
this diagram, the retinal induction caused by red light was perfectly 
neutralized by electric stimuli of time constants from 2.3 to 23 msec. Thus, 
the E.I.C. of these time constants must be equivalent to blue-green light 
complementary to red light (see curve connecting semi-solid circles). As 
the retinal induction caused by yellow light is perfectly neutralized by 
electric stimuli of time constants ranging from 74 to 112 msec. as well, the 
electric stimuli of these time constants must be equivalent to blue light 
(see curve connecting squares). 

Similar experiments were carried out with R.P. of varying durations 


(see Fig. 6) 
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colored lights. 


Color processes are characterized by their own time constants. 
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NG STIMULUS 


Neutralizing effects of R. P. upon retinal induction caused by 


DISCUSSION 


This 
relation manifests itself in various aspects of color sensations (Piéron)®’, 
and in electrical excitability of the eye following illumination (Motokawa)®). 
The present investigation has added further evidence for this relation, 
showing selective actions of electric stimuli upon the retinal receptors 
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depending upon the wave form and time constant of the stimulating cur- 
rents. 

As has been demonstrated above, the inducing and neutralizing 
actions of electric stimuli are strongest when they are of threshold strength. 
This may be supposed to have a close connection with the established fact 
that the selectivity of the stimulating current is highest at the threshold 
strength. As was shown by Motokawa*?, no color induction whatsoever 
can be caused by white light which is supposed to stimulate uniformly all 
sorts of retinal receptors. When the conditioning electric stimulus used is 
too strong, the selectivity in its stimulating effect must be worse than at 
lower intensities. All kinds of retinal receptors would be stimulated more 
or less by such a strong electric stimulus, and this would lead to reduction 
of retinal induction. However, this interpretation encounters a difficulty 
which was found in Kurosawa’s experiment. This author found that the 
supernormal electrical excitability caused by an electric stimulus was 
maximal when its intensity was equal to the threshold. If a too strong 
electric stimulus had a stimulating action upon all sorts of retinal receptors, 
so it would be expected that the supernormal electrical excitability caused 
by this stimulus should be high, because it is a general rule that stronger 
excitation is followed higher supernormality. 

The mechanism of the phenomenon under consideration awaits 
elucidation by further experiments. 


SUMMARY 


The curve showing the time course of electrical excitability of the eye 
determined after exposure to colored light and then to white light is mater- 
ially different from the curve for white light alone, but closely similar to 
that for the complementary colored light alone. This phenomenon is 
termed “ retinal induction ”’. 

1. In the present experiment it is shown that direct currents of 
suitable form and time constant may be used as a substitute for inducing 
colored light in the experiments of retinal induction. 

2. Condenser discharges, exponentially increasing currents and re- 
ctangular pulses of various time constants and durations are used, and it 
is found that the inducing effect is maximal when they are of threshold 
strength, irrespective of the wave form and time constant. 

3. Condenser discharges of small time constants show an inducing 
effect equivalent to that of lights of longer wave-lengths, while exponentially 
increasing currents of large time constants behave like blue light in retinal 


induction. 
4. When light complementary to the inducing light is interposed 
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between this and the subsequent white light, no retinal induction can be 
found, and this phenomenon is termed “ neutralization of retinal induction.” 
It is shown that electric stimuli of suitable wave form and time constant 
can neutralize the retinal induction caused by colored light. 


I am greatly indebted to Prof. K. Motokawa for his kind guidance and 
helpful criticism. 
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INTRODUCTION 


Human beings unlike the quadruped, take a particular position in 
the sense that they may undergo a fairly strong influence of gravity in 
terms of change of intravascular hydrostatic pressure, a function of vital im- 
portance in the circulatory dynamics, for in ordinary activities of life, man 
changes his posture greatly, from the reclining to sitting or standing posi- 
tion, or vice versa. It is one of the most familiar facts in physiology that 
the resting heart rate of man differs decidedly according to posture, be- 
coming higher in value as the sitting first, then the standing position are 
assumed. The blood pressure, being investigated by several researchers, 
was also found to be modified correspondingly according to the postural 
changes. 

The problem of the effect of posture upon circulation is not only 
of an academic interest but, and not infrequently, has practical implica- 
tions: to mention but two, 1) orthostatic collapse occurring when one keeps 
standing for a long time particularly in asthenic subjects, and 2) orthopnea 
where the patient’s circulation becomes so deranged by his lying flat on 
the back that conspicuous dyspnea ensues. 

Among the many investigations devoted particularly to the study of 
the effect of posture on circulation those of the following authors may be 
cited: L. Hill,8® H. E. Hering,?) McDowall,!”) Turner,?*’-**) Wald et 
al.6) Most of them observed the blood pressure and heart rate of man 
and animals as influenced by posture, and discussed the possible physio- 
logical mechanisms concerned. 

Being particularly interested, however, in the heart rate, we intended, 
as one of the series of experiments from our laboratory concerning the 
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regulation of heart rhythm, to investigate the more detailed pattern of 
human heart rhythm accompanying the postural change. While the 
change in cardiac rate was also considered by many authors mentioned 
above, it was studied mostly by the mean pulse rate for a certain interval 
of time, in terms of the number of pulse counted in that period. In other 
words, it was measured discretely in regard to time. However, to be well 
informed of the details of the delicate and quick changes in heart rhythm, 
it is essential to observe continuously every instantaneous variation of the 
cardiac rate throughout the course of postural change. 

On the same ground, perhaps, Green ef al.®) have recently used 
electrocardiography for the study of the heart rate change in the tilting 
of the body, but their observation was limited, for technical reasons, to 
within fifteen seconds or so, such time being obviously too short to clarify 
the matter in question. In our experiment reported here, every change 
of instantaneous cardiac rhythm was recorded continuously by means of 
a special type of instrument named Cardtotachograph, for the relatively long 
period of time of seven to ten minutes involving all stages of postural 
change. Blood pressure was taken from time to time for the purpose 
of reference only, that is to compare it with the change of the heart rate. 





EXPERIMENTAL 
Method 


Subjects used in the experiment were 13 males and 3 females, whose 
age ranged from 17 to 45 years. Subjects with any abnormality in the 
circulatory system were excluded by careful examination. 

Procedures adopted for altering the body posture were of two types 
(Experiment A and B). In each type the body posture was changed twice 
as explained below. 

The instrument, ‘ Cardiotachograph’’ has already been described.’ 

While the instantaneous cardiac rate was recorded by this cardio- 
tachograph continuously throughout the experiment, blood pressure was 
taken at a regular interval of thirty seconds. Its measurement was per- 
formed by the ordinary cuff-auscultation method on the brachial artery 
approximately at the height of the heart. 

In Experiment A, the subject, who had been taking rest in recumbent 
position for ten minutes or more on a special bed, was set up to sitting posi- 
tion passively by raising up the fore part of the bed like a folding chair. 
After three minutes of this sitting position, the subject was made to stand 
up in an erect posture. ‘This standing position was held for three minutes 
thereafter. 

In Experiment B, after the squat position had been taken for ten 
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minutes, the subject stood up erect and kept standing for three minutes. 
A second change of posture was made, reverse to the above, i.e., from 
standing to the initial squat position. 


Results 


Experiment A: Recumbent-sitting-standing. The variation of cardiac 
rate in this type of postural change was relatively uniform in all cases. 
Fig. | shows a typical example of the cardiotachogram for this experiment 





¢. 
50 ©. Recumbent Sitting Standing 





Fig. 1. An example of cardiotachographic records in Experiment A. 
At the top is a time mark showing every two seconds. Vertical lines below 
indicate instantaneous cardiac rate, the scale for it (rate per minute) is at the 
left. Body posture was altered at the point of signal: fT. 


and Fig. 2 is a diagramatic tracing of the similar records of six cases where 
differences in heart rate (number per minute) from the initial rate are 
plotted every thirty seconds, its increase being shown downward and 
decrease upward as they actually appear in the cardiotachographic re- 
cord. Fig. 3 gives the details of heart rate change plotted every ten 
seconds during the acute phase of postural alteration which is left un- 
plotted in Fig. 2. Immediately after the change of posture to the sitting 
from recumbent position, the heart rate started to be quickened and 
reached the maximum rate in about ten to fifteen seconds (twelve seconds 
on the average). Thereafter it gradually slowed down again, making 
a wavy undulation, to become nearly fixed at a level more or less higher 
(by 6 per minute on the average) than the initial level, about sixty seconds 
after the postural change. ‘Thereafter in sitting posture, the rate remained 
at about the same level with but slight, if at all, tendency to increase. 

The change in standing up from the sitting position was similar in 
nature to that for the shift from recumbent to sitting position but more 
marked in degree as shown in Fig. 3 (b) where both the initial acceleration 
of heart rate and the following damped oscillations are evidently more dis- 
tinguished than in (a). The increase in rate in standing posture com- 
pared with that of the initial recumbent posture, measured at the appro- 
ximate leveling off of the standing rate, was 13 per minute on the average. 
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Fig. 2. The course of the change in heart rate in Experiment A. The 
difference of instantaneous heart rate (number per minute) in six cases was 
plotted at thirty-second intervals (increase downward and decrease upward as 
they appear actually in the cardiotachographic record). Heavy line shows the 


average of six cases. 
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Fig. 3. The details of the variation of heart rate in acute phase of pos- 
tural change from recumbent to sitting (a) and from sitting to standing (b). 
The reference level used for obtaining the difference of instantaneous heart 


rate is the mean reclining rate in (a), and the mean sitting rate in (b). 


Here also the tendency of the heart rate to increase, even though only 
slight and gradual, could be observed while the standing posture was 
maintained. 

The change in blood pressure in this experiment is shown in Fig. 4 
and can be summarized as follows. The systolic blood pressure measured 
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Fig. 4. Change in systolic and diastolic blood pressure in Experiment 
A. The difference of the value which had bcen measured at intervals of 
thirty seconds in six individuals was plotted. Heavy line shows the average 


of six cases. 


discretely every thirty seconds showed no distinct change on the average 
though the random fluctuation of pressure in each individual seemed to 
have increased in the sitting and standing postures, compared with the 
recumbent posture. It is very probable that the blood pressure underwent 
considerable variation temporarily in the acute phase of postural change, 
say within ten to fifteen seconds. This phase was left unplotted in Fig. 4, 
because we could not measure the blood pressure. 

The diastolic pressure, contrary to the systolic pressure, was affected 
distinctly by the posture. It was elevated by eight to ten mm. Hg on the 
average in sitting and standing, particularly in the latter, along with more 
pronounced random variations in course of time. Consequently the pulse 
pressure was found to be markedly decreased in the sitting or standing 
posture compared with the recumbent posture. 

Experiment B: Squat-standing-squat. Fig. 5 is a representative example 
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of this experiment and the summarizing diagrams for the heart rate are 
shown in Fig. 6 and 7. The principle for these diagrams is the same as 
for Fig. 2 and 3 respectively. 

As can be seen clearly in these diagrams cardiac rate was increased 
distinctly in standing, by 12 (pulse per minute) on the average over the 
value in squat position. It was approximately sixty seconds before this 
equilibrium level could be attained. There was observed again a more 
or less marked overshooting and subsequent wavy undulation in the in- 
stantaneous cardiac rate in the acute phase of change of posture from the 
squat to standing position (Fig. 5 and 7 (a)). The pattern of such fluctua- 
tion is sinilar in nature to those which appeared immediately after the 
postural change in Experiment A. 

When the standing subject resumed the squat posture, the cardiac 
rate which had been increased, returned to the previous level as would 





Standing 





Fig. 5.An example of cardiotachographic records in Experiment B. 
At the top is time mark, every two seconds, vertical lines represent the in- 


stantaneous heart rate and lower is the record of respiratory movement. 
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Fig. 6. The course of the change in heart rate in Experiment B. See 


explanation for Fig. 2. 
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Fig. 7. The details of the change in heart rate in acute phase of postural 
change from squat to standing (a) and the reverse (b). The reference level 
of rate is the first squat heart rate in both (a) and (b). See explanation for 
Fig. 2. 


naturally be expected, this also required about fifty to sixty seconds. As 
this change of posture to squat was the reverse of the preceeding change, 
from squat to standing position, the heart rate in Fig. 7 (b) took the course 
reversed to that shown in (a) though the oscillatory fluctuations occurring 
in the acute phase of postural change appeared less marked and a little 
more protracted in the former case than in the latter. 

Concerning the change of blood pressure (cf. Fig. 8), systolic pres- 
sure was found generally to be lowered sixty to ninety seconds after stand- 
ing up, but there was noticed a tendency for it to return to that of the 
squat level. Average decrease in systolic pressure at the end of a three 
minute interval after standing up compared to that of the squat posture 
shows a difference of only 2.5mm. Hg. On crouching down again from 
the standing position the systolic pressure went a little above the initial 
squat value; the overshooting, however, was less than 5mm. Hg at the 
end of three minutes, suggesting the complete recovery of the systolic 
pressure shortly thereafter. 

Diastolic pressure remained about the same throughout this experiment 
in all cases except one where distinct increase of 14mm. Hg was observed 
on standing up from the squat posture. This continued until the end of 
three minutes. This same subject showed a marked fluctuation in the 
systolic pressure on standing up with considerable overshooting above the 
initial level. 

In the standing posture the pulse pressure decreased at first but almost 
regained the previous value at the end of three minutes. In the squat 
posture resumed after standing, in consequence of the slight increase in 
systolic pressure as mentioned above, the pulse pressure remained some- 
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Fig. 8. The change in systolic and diastolic blood pressure in Experiment 
B. See explanation for Fig. 4. 


what higher, during the initial three minute period we investigated. 


DIscussION 


As reported above, we confirmed in healthy adult subjects that the 
resting heart rate differed by the posture of the subject, high in standing, 
low in recumbent and intermediate in sitting ; that the rate became stabilized 
to these new values about sixty seconds after the shift of posture ; that the 
fluctuation in heart rate occurred immediately following the postural 
change in a manner of damped oscillation of an elastic body ; that though 
there was observed difference more or less in the pattern of heart rhythm 
between individuals, it was the difference in degree rather than in nature ; 
that such changes of heart rate were similar in nature irrespective of the 
manner in which the shift of posture was brought about, i.e., passively or 
actively. 

Concerning the difference of resting heart rate by posture, we hardly 
feel it necessary to cite references here, for it is an universally accepted 
fact. The point is what should be the physiological mechanism to increase 
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the heart rate on the shift from reclining to sitting or standing position. 

The change of blood pressure may offer some clue to it. While we 
could not compare the change in heart rate with that in blood pressure in 
the acute phase immediately following the shift of posture as we did not 
take the blood pressure at sufficiently short intervals, the change of these 
two in their later course may be compared, for their fluctuations became 
less there. In Experiment A there was noticed no distinct trend in the 
systolic pressure curve notwithstanding the definite increase in heart rate 
by the change of posture. In Experiment B after the subject stood up 
from squat position, the systolic blood pressure which dropped down at 
first, came up to attain nearly, if not exactly, the initial level at the end 
of three minutes, but the heart rate rernained definitely accelerated through- 
out the standing position without any tendency to recover. On resuming 
the squat position, while the heart rate returned quickly to its normal 
level, the systolic pressure kept slight but distinct elevation for at least 
three minutes. In short, the course of change in systolic pressure can not 
be correlated well to that of the heart rate. This is still more true when 
we compare the curves of systolic pressure and heart rate in each one of 
the individuals tested. 

The diastolic pressure seems to have some relation to heart rate in 
Experiment A as both showed increase progressively by changes of posture, 
but in Experiment B the diastolic pressure was only little, if at all, elevated 
in all individuals except one in standing postures in spite of the marked 
acceleration of heart. 

Results of other investigators (Sewall,?!) Turner,**-°® Schellong,?” 
Wald et al.,°”) Frey,®) Green e¢ al.®)) are consistent with ours in confirming 
the persistent increase of heart rate despite the quick recovery of blood 
pressure. Wood ¢¢ al.?5) who studied the effect of induced acceleration 
by centrifugal force upon the circulation in man, noticed the similar dif- 
ference in behavior between heart rate and blood pressure. 

Wald ei al.2”) who could take the blood pressure every ten seconds in 
14 healthy subjects, noticed the systolic pressure to have dropped by 5 
to 40 mm. Hg within ten seconds of standing up in all subjects except 
one, and to recover to the reclining pressure within sixty seconds, showing, 
not infrequently, a slight overshooting or oscillation. Their result is in 
accord with ours in the increase of diastolic pressure and decrease of pulse 
pressure in the standing posture as compared with the reclining. They 
stressed the significance of aortic and carotid sinus reflexes which readjusted 
blood pressure through the vaso-constriction in the splanchnic area (cf. 
also L.Hill*®9), 

We can not deny the réle played by these classical reflexes from arterial 
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vaso-sensory area in the regulation of blood pressure in postural change 
(Hering”’) and it is quite natural to admit that also the heart rate change is 
ascribed to these reflexes, partly at least. It does not seem, however, that 
we are justified in explaining the acceleration of the heart in sitting or 
standing as contrasted to reclining position, solely in terms of aortic and 
carotid sinus reflexes because the curve of blood pressure, as we mentioned 
above, is unsatisfactory for such interpretation (cf. McDowall!”’). 

We measured the change of blood pressure approximately at the height 
of the heart. That the systolic pressure thus measured remained about 
the same when the subject changed his posture, means also the aortic 
pressure remained nearly unchanged by that postural change. Systolic 
pressure in carotid sinus, however, might be lowered, say about 20 mm. 
Hg (calculated on the approximate distance between carotid sinus and 
aortic area) by a change of posture from recumbent to sitting position 
as the pressure in the sinus would be so much lower than that in the aorta 
in sitting position. This might result in persistent tachycardia by the con- 
tinuous activation of the carotid sinus reflex. Such interpretation, how- 
ever, is not wholly tenable as the heart rate always became more accelerated 
by the change of posture from sitting to standing, the change which added 
nothing to the hydrostatic pressure difference between carotid and aorta. 

It deserves particular attention that the pulse pressure was found 
definitely to have narrowed in sitting as contrasted to reclining, all the 
more in standing. This was confirmed also by Wald et al.2” and Tur- 
ner.?5)-6) Wald e¢ al. noticed that such decrease in pulse pressure was less 
in the active standing position than in passive standing (tilting) positions 
due to improvement of the venous return to the heart by muscular con- 
traction of the abdominal wall. Turner e/ al. reached the same conclusion 
based on their experiments demonstrating the increase of leg volume in 
standing posture and effectiveness of abdominal bandage in lessening the 
decrease of pulse pressure and in preventing orthostatic collapse on pro- 
longed standing. Turner correlated the decrease of pulse pressure to that 
of cardiac output in erect posture which she measured by Henderson and 
Haggard’s ethyl iodide method**’ (cf. McMichael and Sharpey-Shafer'®’). 
All these investigations suggest strongly that venous return to the heart 
must become diminished on standing up. 

L. Hill et al.°) proved with the dog that on raising the animal to vertical 
feet-down position venous pressure dropped distinctly and remained low 
throughout, while the arterial pressure recovered quickly from the initial 
drop and kept completely compensated. It is quite evident that this 
lowering of cava] pressure is due to a decrease in venous return to the 
heart because of the sudden pooling of blood by gravity in lower parts of 
the body. 
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Decrease of venous return will be followed sooner or later by a decrease 
in cardiac output and lowering of arterial pressure, by which aortic and 
carotid sinus reflexes are called into play to readjust the blood pressure 
through vasomotor activity and acceleration of the heart. This may be 
one of the mechanisms at work but certainly not the only one as we sug- 
gested above. 

Our opinion is that apart from these reflexes coming from the arterial 
side, a reflex or reflexes similar in action but originating in receptors situated 
somewhere in the venous side (in the caval and/or auricular wall) must 
play a rather more important role in the adjustment of circulation in postural 
change. A number of such reflexes arising from the venous area including 
the right auricle have been reported to exist (McDowall,'*)-!®©) Dawes®’), 
Bainbridge’s reflex?) is really a reflex starting from the venous side but it is 
aroused by an increased and not decreased filling of either the auricle or great 
veins. 

In 1924 McDowall demonstrated the existence of a reflex evoked by 
a decrease of venous pressure causing peripheral vaso-constriction with 
consequent rise in blood pressure and called it Vago-pressor-reflex. Though 
the behavior of heart rate was not reported there, it is not improbable that 
simultaneous quickening of the heart occurs. McDowall himself supposed 
the existence of such reflex (p. 445, 449 in his monograph’”’). In 1951 
Aviado et al." showed the presence of such reflex in the dog which was 
evoked by increased venous pressure and slowed down the heart rate. 

As the central venous pressure must be lowered in the change of pos- 
ture from the recumbent to the standing position owing to diminished 
return of venous blood from the dependent part of the body, it is very 
plausible that the lessened filling of the auricle or cava stimulates the 
sensory ending which calls the reflex, as discovered by Aviado ef al., into 
play and causes the acceleration of the heart. The same reflex would 
probably bring about peripheral vaso-constriction through the vasomotor- 
center. Both the tachycardia and the vaso-constriction would contribute 
to the adjustment for the initial drop of blood pressure and pronounced 
fluctuation of heart rate immediately following the postural change of 
standing, and are to be interpreted as the effect of both the reflexes coming 
from the arterial side (aortic and carotid sinus) and venous side (vago- 
pressor-reflex, McDowall and Aviado). However, for the subsequent 
persistence of the accelerated heart rate in the standing posture the vago- 
pressor-reflex, (McDowall and Aviado) could be the principal mechanism 
concerned as both the pulse pressure and cardiac output remain decreased 
as long as the standing posture is maintained in spite of the apparently 
completed compensation of systolic pressure. The fact that heart rate is 
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frequently seen to be accelerated in cases of slight hemorrhage despite the 
apparent normal arterial blood pressure (McDowall,!”) p. 449) could be 
interpreted similarly. Fig. 9 represents a record illustrating that the 
acceleration of heart in standing up from recumbent posture is, in its 
mechanism, due to a reduction of venous inflow to the heart and is not 
inevitably bound to the shift of body posture. The same type of cardiac 
acceleration could be observed in the recumbent posture by dropping down 
the legs which had been flexed above the abdomen, the procedure which 
undoubtedly diminished the venous return. 











Fig. 9. Comparison of the change in heart rate due to active standing-up 


from squat position (above) with that due to leg-down position (below). 


Note the similarity of cardiotachograms in both cases. 


Besides the reflex mechanisms discussed above, there are some other 
factors which may be considered responsible for the regulation of heart 
rate in case of postural change. Since long generalized anoxia has been 
known. to be accompanied by acceleration of heart as it is observed in high 
altitudes. In connection to this Turner alluded to the possible anoxia in 
the brain due to a decrease of cardiac output in standing posture in her 
discussion about the strain upon circulation.*® Such interpretation is not 
plausible, for the increase of heart rate in anoxia has been found to be due 
to the reflex from the chemo-receptors in aortic and carotid body stimulated 
by low arterial oxygen tension. Cerebral anoxia fer se may rather be 
considered to slow the heart rate. Moreover, recent investigations on 
the cerebral circulation revealed that the blood flow to the brain was not 
affected by the change of posture (Frey,®) Shenkin®®’), though Myerson’? 
noticed its slight reduction in erect posture in dogs. Tachycardia often 
noticed before orthostatic collapse is probably due to lowered venous and/or 
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arterial pressure because of the circulatory derangement and not due to 
cerebral anoxia. 

Last of all there remains one more factor upon which we want to 
comment. Standing or sitting is a sort of muscular exercise requiring 
contraction of many muscles governed by the postural reflexes. Though 
the ultimate mechanism of the acceleration of heart in muscular exercise is 
not yet clear and would probably be fairly complex in nature, we have 
found that the excitation of motor neurons in the central nervous system 
may cause cardiac acceleration when the intensity of its excitation exceeds 
a certain threshold, probably affecting the medullary cardio-regulatory 
center through centers situated high in hypothalamus in some such a way 
as irradiation." We tried to ascertain how the heart rate change will 
differ in active and passive (reclining) postures of standing, but the ex- 
periment was not successful for the active standing was found to be un- 
avoidably attended by a change in venous return which itself would greatly 
modify the heart rate. 


SUMMARY 


In sixteen healthy individuals the effects of alteration of posture on 
the heart rate were studied by continuous recording of the instantaneous 
heart rate by means of Cardiotachograph. 

The posture was changed from recumbent to sitting and then standing 
in one experiment, from squat to standing and then again to squat in an- 
other experiment. , 

Blood pressure was also measured and compared with the change 
of heart rate. 

On each of the postural change from reclining to sitting and from 
sitting to standing the heart rate became immediately accelerated, attained 
its maximum at ten to fifteen seconds, and with oscillatory fluctuations, 
came to be stabilized within sixty seconds in a level which was always 
higher than before. 

Similar but more pronounced change was observed in heart rate on 
changing posture from squat to active standing. 

The physiological mechanisms responsible for these changes were 
discussed: The immediate effect of changing the posture to more vertical 
from reclining, is the reduction of venous return to the heart, due to the 
pooling of blood in dependent parts of the body by gravity. Various cir- 
culatory reactions or adjustments accompanying the postural change were 
interpreted on this basis and the importance of the cardio-accelerating and 
vago-pressor reflex originating in the venous area (McDowall and Aviado) 
was stressed. 
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INTRODUCTION 


Obviously, change in respiration is one of the most important objective 
signs in general anesthesia. Investigating respiratory movement by re- 
cording the action potentials of the respiratory muscles, it was found that 
electromyography provided some findings and/or explanations which are 
probably unobtainable by other methods. Since action potentials of 
respiratory muscles are concurrently the reflection of central impulses, 
with some exceptions, it seems to be possible to correlate the state of the 
respiratory center as well. ‘The respiratory changes in the course of anes- 
thesia are revealed in various forms by this method and these features are 
interesting when considered and analyzed from the electromyographic 
viewpoint. But what is more attractive to me is the electromyogram of 
respiratory changes which occur with assisted respiration during endo- 
tracheal anesthesia and a closed circuit system. Although electromyo- 
graphic manifestations were exactly those of the so-called Hering-Breuer 
reflex, some modifications of the practice of assisting respiration could be 
suggested from those results. 

In this paper, investigations are described concerning chiefly the above 
mentioned problems; that is, firstly, the observation and quantitative 
analysis of action potentials of respiratory muscles during general anesthesia, 
and, secondly, the electromyographic changes when various forms of posi- 
tive pressure are applied as respiratory assistance, and some suggestions 
to the practice of assisted respiration technic which were furthermore 
corraborated by blood-gas determinations. In addition, some respiratory 
changes observed during the state of carbon dioxide accumulation and after 
the injection of curare were added. 
235 
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EXPERIMENTAL 
Method 


Seventeen cats and six dogs were used experimentally. Four thoracic 
surgical patients provided the clinical material. All subjects were anes- 
thetized with ether by endotracheal intubation in closed circuit systems. 
In twelve of seventeen cats, the pleura was opened widely unilaterally by 
resection of the entire length of the 5th or 6th rib. 

In leading muscle action potentials, a coaxial needle electrode (100 
micron dia.) was used and was inserted into the right external intercostal 
muscle. An R-C four stage amplifier with cathode-ray oscilloscope was 
used to observe the discharge pattern and an electromagnetic oscillograph 
was used to record it. 


Results 


Action potentials of intercostal muscles during general anesthesia 

The various changes are stated as follows: 

a) Amplitude of spike discharges 

Each inspiration and expiration consists of a bout of spike discharges, 
which is composed of an interference pattern of high or low amplitudes, 
when anesthesia is light. Usually, no marked changes of amplitude are 
found up to the second stage of anesthesia. (Figs. 1 and 2-I,II) At the 
beginning of the third stage, amplitudes begin to diminish and simultane- 
ously, the higher amplitudes shift gradually to the terminal part of in- 
spiratory phase. As anesthesia is deepened to approximately the second 
plane of the third stage, all amplitude of spikes in each inspiratory phase 
become lowered to about 200-300 microvolts. (Fig. 1, 2, III-2) This 
magnitude persists until about the third plane or fourth plane of the 
third stage. (Figs. 1 and 2, III-3, 4) This diminution in the amplitude is 
probably not due to the decrease in the frequency of spike discharges, but 
rather due to the difference in the motor units responsible for each in- 
spiratory discharge, as described later. 

b) Frequency of spikes in a single inspiratory discharge 

Spike frequency seems to increase and reach a maximum in the 
second stage of anesthesia and then gradually decrease as anesthesia deep- 
ens, however, the frequency of low amplitude spikes appears unchanged. 
But even in these spikes of lower amplitude, the decrease in motor unit 
discharges becomes manifest at about the beginning of paralysis of the 
diaphragm, and only two or three motor units remain until they finally 
disappear completely. (Figs. 1 and 2) 

c) Variety of motor units 

Discrimination between motor units is almost impossible at first, 
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because the respiratory discharges are formed in an interference pattern. 
(Figs. 1 and 2, I) But when anesthesia is deepened to approach surgical 
anesthesia, two different types of spikes become discernable by means of 
the cathode-ray oscilloscope. (Fig. 1, III and Fig. 2, II, II) One is a 
discharge of lower amplitude spikes about 200-300 microvolts ; the second 
type has an amplitude of more than 500-800 microvolts. These two 
types of discharges vary in their response to anesthesia. he first one is 
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Fig. 1. Respiratory muscle discharge pattern in various depth of anes- 


thesia taken by cathode-ray oscilloscope. 


easily suppressed by anesthesia, disappearing as anesthesia approaches the 
third stage. The latter type persists during anesthesia, continuing to 
discharge almost without change until the third plane of the third stage. 
This fact tends to show that there are two motor units which have dif- 
ferent biological characters and therefore react differently ; these may be 
thought to correspond with what are called kinetic and tonic by Tokizane 
and Matthews.””? 

d) Duration of discharge 

This refers to the length of time for one phase of respiratory dis- 
charge. In the state of adequate oxygen supply, the average duration of 
discharge is 0.7 sec. in the first stage of anesthesia and becomes longer as 
anesthesia progresses. As shown in Fig. 2, it reaches an average maximum 
of 1.5 sec. in the second plane of the third stage and then decreases gradually 
as anesthesia progresses through the third stage. 

e) Discharge pattern in the course of awakening from anesthesia 

The retrograde course from deep anesthesia is almost reversed, but 
not exactly. When inspiratory muscles begin again to discharge follow- 
ing cessation of discharge, spikes emerge at times in the pattern of several 
interrupted series of discharges in each inspiratory phase which is at times 
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Fig. 2. Respiratory muscle discharge shown in model in various depth 














of anesthesia. Grouping phenomenon is added. 


clinically noticed as an intermittent inspiration. These interrupted series 
of discharges within one inspiratory phase gradually increase in number, 
appearing as five or six interrupted series, and then gradually combine, 
just as seen in the pattern previously mentioned. (Fig. 2, Grouping) In 
addition, the discharges of higher amplitude which disappear in early 
stages of anesthesia are apt to emerge more rapidly than is expected. 

f) Carbon dioxide excess 

Cats were anesthetized without using a carbon dioxide absorber. 
At first an increase of spikes in frequency and in amplitude are noticed ; 
this is probably due to central excitation. But when this state of carbon 
dioxide accumulation allowed to advance, the so-called grouping pheno- 
menon (interrupted series of discharges within a single inspiratory phase) 
appears. (Fig. 2) When carbon dioxide accumulation become even 
greater, inspiratory discharges become completely irregular and resemble 
clonic bursts, and then, after about fourty minutes, their amplitude di- 
minishes gradually until they disappear. This grouping phenomenon and 
diminished amplitude of the spikes is presumed to be due to fatigue or 
paresis of the respiratory center. But these phenomena return to normal 
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rather rapidly after carbon dioxide absorption is supplied together with 
assisted respiration. Such disunion of the discharge pattern is observed 
when respiratory muscles begin to recover the function after the paralysis 
produced by curare, by deep anesthesia, and by the extreme accumulation 
of carbon dioxide as produced by this experiment. 

The above mentioned changes were common phenomena to all cats, 
and there were almost no difference among the cats, dogs, and human 
subjects and we were able to determine easily the depth of anesthesia by 
watching the pattern of inspiratory discharges as produced on the cathode- 
ray oscilloscope, and this is shown in the model in Fig. 2. 

Respiratory discharges during assisted respiration 

The experimental method is the same except that various types of 
respiratory assistance are applied by mannual compression of the bag. 
The allegation has been made in this country that respiratory discharges 
usually disappear when assisted respiration is carried out.*4) According 
to my study, this is not exactly true. According to the experimental 
results, the influences of positive pressure respiration are explained by the 
following four phenomena: 

a) When positive pressure is applied with disregard for proper 
respiratory rhythm 

The rhythm of the respiratory discharges is quite disturbed when the 
positive pressure is applied. The duration of the phases of a inspiratory 
discharge and the interval between each inspiratory discharge phase are 
both varied, and are both longer and shorter than normal. The more 
irregular the rhythm of positive pressure, the more marked this variation 
in duration and interval becomes. This phenomenon is common through 
every stage of anesthesia until the third plane of the third stage; the dis- 
charges become disturbed early and then disappear completely when the 
depth of anesthesia progresses beyond the third plane of the third stage. 
(Fig. 3, a) 

b) When positive pressure is added to the initial phase of inspira- 
tion 

As positive pressure suppresses the spike discharge, inspiratory dis- 
charges decrease in frequency and the duration of each inspiratory dis- 
charge phase becomes progressively shorter and the respiratory rate become 
accelerated. And if positive assistance continues to be applied at the early 
phase of inspiration, breathing ceases temporarily, without showing any 
discharge, and then this is followed by a prolonged burst of inspiratory dis- 
charges. If continued further, the phenomenon repeats itself. (Fig. 3, b) 

c) When positive pressure is applied during an expiratory phase ; 
that is, to attempt to inflate the lungs against the effort of expiration. 
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The duration of an inspiratory discharge phase extends markedly to 
almost double its normal duration with simultaneous prolongation of the 
expiratory phase. Breathing becomes remarkably slow with prolonged 
inspiration and expiration, while the rhythm remains rather constant and 
regular. (Fig. 3, c) 

d) When positive pressure is applied toward the end of inspiration 

The appearance of the discharges is about the same as normal except 
for some suppression of discharges produced by the positive pressure. 
Respiration becomes somewhat slower but quite regular and no dis- 
turbance of the discharge pattern is found. (Fig. 3, d) 
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Fig. 3. Relation between respiratory discharges and positive pressure 


























is shown in model. 


The above mentioned four phenomena are always discernable through 
every stage of anesthesia as long as inspiratory discharge are present. As 
far as positive pressure is concerned, these phenomena appear when lungs 
are inflated by pressures below 2.0 cm. of water, and the greater the pres- 
sure, the more marked the changes become ; but when the applied pressure 
exceeds 24cm. of water, the changes no longer follow the previously 
mentioned rules. 

These phenomena always disappear with vagal section, so that they 
are presumed to be expressions of vagal reflex action, the so-called Hering 
Breuer reflex. They are explained by the fact that the increase of intra- 
alveolar pressure suppresses the inspiratory discharge and accelerate the 
expiratory discharge. From those results we can say that the Hering- 
Breuer reflex can not be obtained at least until the respiratory discharges 


cease. 
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Fig. 4. Blood gas changes. a: An average value after unilateral trans- 
pleural thoracotomy. Carbon dioxide content is shown zero as an standard. 
b: When positive pressure is applied during an expiratiry phase. c: When 
positive pressure is applied with disregard for proper respiratory rhythm. 
d: When positive pressure is applied toward the end of inspiration. 


Furthermore, we can arrive at an ideal and proper method of respira- 
tory assistance in clinical anesthesia. The procedure of applying pressure 
at the initial phase of inspiration is not physiological nor is that of applying 
pressure with disregard for normal respiratory rhythm. The ideal pro- 
cedure is thought to be that of applying positive pressure at the terminal 
phase of inspiration, gradually increasing the applied pressure to a maximum 
at the end of inspiration, maintaining it for a while and then releasing it. 

Moreover, putting this experiment in assisted respiration to practical 
use, we can control respiratory movement variously by applying pressure 
in various ways. For instance, when respiratory movement disturbs the 
operation in thoracic surgery and temporary transiquillity is needed, we 
can ensure temporary cessation of pulmonary and thoracic wall motion 
by applying pressure without regard for normal respiratory rhythm. But 
it must be kept in mind that if such a state is persisted in for too long a 
time it will produce anoxia. 

Next, additional research in blood gas changes with relation to the 
above mentioned four methods of assisted respiration reported. Changes 
in the hydrogen ion concentration, the oxygen and the carbon dioxide 
content of the arterial blood of six dogs, which were subjected to fourty 
five minutes of the various types of assisted respiration previously men- 
tioned, have been studied. The average values for these six dog subjects 
are shown in Fig. 4. As a control, the average values obtained from the 
six dogs after unilateral transpleural thoracotomy are shown in Fig. 4 (a). 
These show some carbon dioxide excess, slight acidosis and anoxia. Three 
different methods of assisted respiration were carried out, each for twenty 








942 E. Nanjo 


minutes. After the three different methods of assisted respiration were 
performed each for twenty minutes, the average values were determined 
by blood analysis. Although the oxygen content of arterial blood is well 
maintained by each method, it is clear that applying pressure at the ter- 
minal portion of each inspiratory phase produces the best results as 
demonstrated by the values for arterial blood pH, arterial oxygen and 
carbon dioxide content shown in Fig. 4. 


SUMMARY 


1. Observations and quantitative analysis of action potentials of 
respiratory muscles recorded during the conduct of general anesthesia were 
made. It has been shown that it is possible to judge the depth of anesthesia 
by watching the pattern of respiratory discharges in the cathode-ray 
oscilloscope. 

2. Action potentials of the intercostal muscles during the applica- 
tion of several different methods of positive pressure respirtion were 
observed. A method of positive pressure, applied as respiratory assistance, 
which is thought to be most physiological from the electromyographic view- 
point and from the viewpoint of blood gas determination, is recommended. 
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The volume of the circulating blood in the lungs is important in the 
study of the pulmonary circulation and some methods for its measurement 
have been reported, but none of them can claim precision. We have 
succeeded in devising a method which is likely to yield adequate results in 
measuring the minute volume and the volume of the circulating blood in 
the lungs using PAH, which we will report hereunder. 


Theoretical Consideration 


We measure first the renal plasma flow (v) and thence deduce the 
minute volume of plasma (M) and the volume of the circulating plasma in 
the lungs (Q). 

I) Measurement of the renal plasma flow (v) 

In our former reports!”’ we have calculated the renal plasma flow (v) 
by means of the concentration of PAH in the veins, but for getting exact 
results, we must use the concentration of PAH in the arteries. The method 
is obtained by making some changes in the previous method, as follows : 

Let z stand for the quantity of PAH reduced in the circulating plasma 
within time t after the start point of time o under PAH equilibrium, x for 
the quantity of PAH lost from the circulating plasma into urine within 
the same time range, and y for the quantity of PAH that passed over from 
tissues into the circulating plasma in the same time range. Then, 

Z=x—y (1) 
dy , 

therefore dz =dx(1—-~ ) (2) 
dx 

If C and c stand for the concentrations of PAH in the arteries and in 
the veins at the point of time t and Va and Vv for the volume of the cir- 
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culating plasma in the arteries and in the veins and ‘a’ for the quantity 
of PAH in the circulating plasma at the point of time 0 respectively, then 


a—z=CVa+cVv (3) 
2 
Is 
a 2 1094, C = Log, C,-at ie 
De Meet rie, ct ee (vein) 
s | 
~ ! 
5 = ; + (orters) 
28 \ 
So { 
es i 
4 4 t 
oO t 








’ 


Fig. 1. Relation of logarithm of PAH concentration in plasma to time. 


According to our experimental results, the concentration of PAH 
in the arteries is smaller than that in the veins and as shown in Fig. | the 
logarithms of the PAH concentrations in the arteries also stand in an 
approximately linear relation against the time t as in the veins, and both 
the straight lines relating to the arteries and veins are approximately 
parallel to each other. Taking their direction coefficient as a, the straight 
lines relating to the arteries and veins may be represented by the following 
equations respectively : 

log,;,C =log,,C,—at (4) 

log,9¢ =log, c,—at 
in which, C, and c, stand for the concentrations of PAH in the arterial 
and the venous plasma respectively at the point of time 0. 


From (4) 
- a? (constant) (5) 
Consequently, from (3) and (5), we have 
a—z=C(Va-+r Vv) (6) 
' a—z 
Theref C=. 7 
ssnieai Va+rVv (7) 


As, according to Warren et al.*) 88% of the quantity of PAH is 
excreted into the urine during a single circulation through kidneys, the 
following is obtained, when ‘ v’ stands for the renal plasma flow: 

dx =0.88 vCdt (8) 

From (7) and (8), we have 
0.88 v (a—z) 
Va+rVv i 


dx = 


and so from (2) 
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_ 0.88v(a—z) dy, 
oo Va+rVv ( ~ dx’ “ 


dz _—0..88v | _dy 





0.88 v dy... 
_ a— ) = — ¢ | 
mes Va+r\ = _ 
thence and from (6) 
/ C= 088 fay 
eS VairVv" x 0 


Since, according to the experimental results, the logarithms of the con- 
centration of PAH in the arterial plasma plot a straight line against time, 


d , ; , ‘ dy 
fea in (9) must be a linear function of t, and since ds +0, so 
x x 


d 

d 

Then (9) may be rewritten as follows : 

—log C _0.88v( —K) ek 

Va+rVv 
(k: constant of integration) 

When t=0, then C=C, and consequently k=—log C, 

therefore 


: =K (constant) (10) 





0.88v(1—K) 
log C=log C,— a t (11) 
v(l1—K)_ 2.617 Cc 
7 ValiWv~ 8G vay 
On the other hand, since 
a=C,Va+c,Vv 


and a—z=CVa-+c VWv; 
sO z=(C,—C)Va-+ (c,—c) Vv 
therefore from (5) 
z=(C,—C)(Va-+r Vv) (13) 
From (10) y=Kx (since when x=o, then y=o), and thus from (1) 
z=(1—K)x (14) 


Thus, from (13) and (14), we get 
(1—K)x=(C,—C)(Va-+r Vv) 
1—K C,—C ; 


therefore - ——- =—_ (15) 
Va-+r Vv x 
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From (12) and (15) 

2.617 C 
t logo C 
C,—CG 


x 


v= 


Then, express the PAH concentration in the arteries at the point of 
time t, with C, and the quantity of PAH lost into urine within the time 
range o—t, with x,, and we get 
26 C, 

“tina 
C,—C, 
xX; 


from which the renal plasma flow v may be calculated. 

II) Calculation of the minute volume of plasma (M) 

The urine is formed by filtration of a part of the circulating plasma in 
the kidneys, and when a suitable amount of water is orally given, a quantity 
of water equal to that of the urine is thought to move into the circulating 
plasma from the tissues and to keep the volume of the circulating plasma 
at a constant value. Thus it may be assumed that the quantity of the 
water moved from the tissues into the circulating plasma per minute is 
equal to the quantity of urine ‘ u’ excreted per minute in average. There- 
fore, if M stands for the minute volume of plasma, the volume of the 
plasma that flows in one minute into the right auricle of the heart from 
the organs and tissues except kidneys may be represented by M—v-+u. 

If c, is the concentration of PAH in the antecubital vein at the point 
of time 0, then it may be assumed that the concentration in all other 
veins at the same point of time is equal to cg except in the renal veins, 
where, since 88°, of PAH content is excreted into the urine in a single 
circulation through kidneys the PAH concentration must be 0.12 co. 

Taking the circulation time from the antecubital vein to the right 
auricle as ‘ p’, the concentration of PAH in the right auricle at the point 
of time p may be represented as follows: 

(M—v-+u)c,dt+ 0.12 ve,dt 
Mdt 


Now, the lungs contain besides the blood in them 4,000-—5,000cc 
of air in normal condition. When this capacity of the air in the lungs and 
the space occupied by the lungs in the thorax are compared with each 
other, the difference would be small indeed. Thus it may be deduced 
that the lung tissue excluding the blood must be small in quantity and 
consequently the volume of the extracellular fluid in the lungs must be 
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also extremely small. This is also natural from the function of the lungs 
consisting in the exchange of gas. Consequently, the quantity of PAH 
moving from the lung tissue into the plasma during circulation through 
lungs must be assumed to be very small. 

According to Ebert e¢ al.4), the mean circulation time of blood from 
the pulmonary artery to the femoral is on the average 10.2 seconds in 
normal individuals, and according to Blumgart e¢ al.5), that from the elbow 
to the right auricle of the heart 6.7 seconds and from the right auricle to 
the elbow 10.8 seconds. Thus the circulation time from the right auricle 
to the elbow and to the femoral artery was measured both to be about 
10 seconds. 

If the negligibly small amount .of PAH, which comes into the cir- 
culating plasma from the lung tissue during circulation through lungs is 
disregarded, and the concentration of PAH in the right auricle at the 
point of time p is equal to that in the femoral artery C,’, 10 seconds after 
the point of time p, the following equation will stand. As cited above, 
the time p is to be set at 6.7 seconds, so p+-10 is about 17 seconds. 


(M—v +u)codt+ 0.1 2vcodt = 


-  Mdt Cy 
Therefore Nien ete (16) 
Co—C’, 


As C’, is the concentration of PAH in the arteries at the point of time 
17 seconds after 0, its value may be calculated from (4) as follows : 


17 
~ ~*~ ‘ —Ue 83 
C’, =C,"10° 0* =C,-10°°7** (17) 
As the concentration of PAH in the arteries at the point of time t 
} 1 
is C,, the value of a may also be deduced from (4) as follows : 


‘ 


] C, 
a= t logiog, (18) 


The minute volume of plasma M may be thus calculated by the 
formula (16) using the values obtained from (17) and (18). 
III) Calculation of the volume of the circulating plasma in the lungs 


(Q) 


The quantity of PAH which went into the regions of the systemic 
‘ ‘ , , ‘ . tin 
circulation in the time range 0—t, is evidently Mf 'Cdt, and that 
0 
which went out of the regions of the systemic circulation into the regions 


; , . . ‘ t 
of the pulmonary circulation in the same time range is (M—v-+ w)f ‘edt 
0 


+0.12v f""c dt as explained in IT) above. 
0 
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Thus, taking V, and V, as the quantity of PAH in the regions of the 
systemic circulation at the point of time 0 and t, respectively, and x, as 
the quantity of PAH that came out in the urine in the time range 0—t,, the 
following equation may be obtained : 


Vo +Mf "Cdt=V,+x,+(M—v +uf’ Nedt+0.12vf “edt 
0 0 . 


Therefore x,—(V,—V;)= (0.88v—u) f “edt - I (c—C)dt 
0 


0 


; (0.88v—u) f“cy-10-*dt Mf" (cp—Cy)-10-*d 
0 0 
_0.4343(1—10-) 


a \ 


(0.88v—u)c—M(c,—G,) 


and from (16) 
, , 0.4343(1—10-4%) ., ’ 
x,—(V.—V;)= Pa (C,—C))M (19) 

As V,—V, shows the quantity of PAH that was decreased from the 
regions of the systemic circulation in the time range 0—t,, the value of 
x,;—(V,—V;) represents the quantity of PAH lost from the regions of the 
pulmonary circulation in the same duration of time. 

As stated above, the volume of the extracellular fluid in the lungs may 
be regarded very small in quantity, so that the quantity of PAH lost 
from the regions of the pulmonary circulation may be assumed to be equal 
to that lost from the circulating plasma in the lungs. Thus the following 
equation may be derived, in which Q stands for the volume of the cir- 
culating plasma in the lungs. 

m—(V,-V;) =(G,—C,)Q 


_%i—(Vo-Vi) 


5 7 QO: 
Therefore Wi C_G, (20) 


From (19) and (20), 
| 0.4343(1—10-*%) , 
Qe a(G=G,) | 
The volume of the circulating plasma Q in the lungs may be calculat- 
ed from this formula. 


C,—C’,)M 


Experimental Method 


About healthy adults we made our experiments. Methods of PAH 
injection and water feeding were the same as in the previous report.?) 
For measuring the concentration of PAH, the method reported by Smith 
et al.®) was employed and an electric photometer was used for colorimetry. 

Between the point of time approximately 30 minutes (point of time 0) 
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and 50 minutes (t,) after the injection, while PAH equilibrium existed, 
three blood samples were drawn from the femoral arterty as well as from 
the antecubital vein, while the urine excreted in the same time range was 
collected and the concentration of PAH in the plasma and urine were 
measured. From these measured values the renal plasma flow, the minute 
volume of plasma and the volume of the circulating plasma in the lungs 
were calculated with the above formulae. 


Result and Discussion 


Tab. I shows the results of 14 experiments. 

The values of M given in the Tab. seem to be in good agreement 
with the values of the minute volume of plasma, and our expectation that 
this method is capable of calculating the minute volume of plasma seems 
to be justified. From these and the hematocrit values we can calculate 
the minute volume of blood. 


TABLE I 
Values of Renal Plasma Flow (v), Minute Volume of 
Plasma (M) and Volume of the Circulating 
Piasma in the Lungs (Q) 








Case Sex Age Vv M Q 
1 ‘.) i 30 587 2616 749 
2 $ 23 563 2060 582 
3 3 29 451 1224 338 
4 r.) 37 554 3134 890 
5 $ 4] 679 1579 446 
6 $ 30 241 1845 525 
7 C.) 27 676 2624 755 
8 $ 27 622 1105 315 
9 $ 50 831 3676 970 

10 $ 29 870 2292 658 
11 $ 24 877 2509 743 
12 2 22 635 1963 544 
13 2 22 693 3198 591 
14 2 29 661 3464 959 


The volume of the circulating plasma in the lungs Q in the Tab. does 
not differ considerably from the values given by Ebert e¢ al.4), who have 
calculated the volume of the circulating blood in the lungs by measuring 
the mean circulation time from the pulmonary to the femoral artery, using 
Stewart’s formula.”) Though, as has been pointed out also by themselves, 
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their values do not exactly represent the real values of the volume of the 
circulating blood in the lungs, but show the sum of the blood volume in 
the left chambers of the heart, in the aorta, in some arteries and in the 
pulmonary vessels, Q in the present paper represents the volume of the 
circulating plasma only in the lungs. This discrepancy between both 
values is thought to be due to the condition, that the circulation time 
from the antecubital vein to the femoral artery in Japanese is presumably 
shorter than in American, and to decide this problem, we must measure 
the circulation time actually. 

It is not required to measure the circulation time from the pulmonary 
artery to the left auricle in applying our method, but only we have to 
measure the circulation time from the antecubital vein where the venous 
blood is drawn to the femoral artery where the arterial blood is drawn 
and thence we can deduce the real volume of the circulating plasma in the 
lungs. This circulation time may be measured by the method of Blum- 
gart et al.®), but owing to external circumstances, we could not apply this 
method in our experiments, so in our calculation we had to use the pub- 
lished values of the authors above mentioned. Accordingly, though it is 
natural that the values of Q given in Tab. I are perhaps in some cases 
somewhat discrepant from the actual volume of the circulating plasma in 
the lungs, they may be assumed to show the volume of the circulating 
plasma in the lungs in approximation, and we feel justified in asserting the 
rationality of our method and its supporting theory. For an exact measure- 
ment of the volume of the circulating plasma in the lungs, however, it is 
necessary to use in calculation the actual circulation time from the ante- 
cubital vein to the femoral artery, measured for example by Blumgart’s 
method. 


CONCLUSION 


We have reported on the theory underlying our method of calculatig 
the minute volume of plasma and the real volume of the circulating plasma 
in the lungs and the justification of our theory by the evidence of the results 
of 14 experiments. 
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The very fine focus rotating anode tube has recently widened the 
clinical radiographic investigation.1®® In this tube, the small sized 
heating filament is set deep in the focusing cap after the principle of Bur- 
gers et al.) device. ‘The focal spot is entitled by the manufacturer as 0.3 
mm. in size. When this tube is used in enlargement radiography, the 
enlargement ratio may be twice life size, at the largest. 

In order to obtain a more fine focal spot than that of the usual one, 
the electron beam, emitted from the heating filament, was made narrow 
by the principle of bias phenomena. For this purpose, an X-ray tube 
was reconstructed to a three electrode vacuum tube. Three electrodes 
consisted of a terminal of the wire from the focusing cap and two terminals 
of the filament heating circuit. 

As a radiation source a line focus (4 12 cm. in size) of a fixed anode 
tube of 6 kW. was used. The heating filament was made spiral with a 
tungsten wire of 0.2mm. in diameter. The spiral itself was measured 
12.0 mm. in length and 1.20 mm. in diameter. 

The lead wire of the focusing cap and that of the heating filament 
were isolated from each other so as to be safe from at least three thousand 
voltages. When the lead wire from the focusing cap in this tube was 
connected directly with the X-ray tube circuit and at the same time the 
one from the tube filament was connected indirectly, as was illustrated in 
Fig. 1, with a resistance R in series to the same circuit, the electric potential 





* Read at the 17th Meeting of Hirosaki Medical Association held on Dec. 19, 1953. 
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of the tube filament was A.R higher than the one of the focusing cap. 

Under the principle of autobias of the electron beam emitted from 
the filament, the focal spot, diminished its size with the increase of the 
resistance R, and became, finally, the optimum minimum, a line as shown 
in Fig. 2. The focal spot of this tube was roentgenographed in life size 
with a pin hole camera of 0.12 mm. in aperture. This linear focal spot 
was lessened effectively to a point radiation source when the surface of the 
target was inclined to the vertical line from 1° to 2°50’. 





Fig. 1. Schema of an X-ray tube reconstructed to a three electrode 
vacuum tube. T: Main transformer. V: Vulve. A: Target of X-ray 
tube. Fe: Focusing cap. F: Heating filament. R: Resistance. 


. + / . . 
Fig. 2. Focal spot photographed with a pin hole camera. Focal spot 


diminishing its size with increase of the resistance. (From left to right) 


In order to know the optimal difference of electric potertial between 
the focusing cap and the heating filament, wires of a 0.06 mm. in diameter 
were arranged parallel to each other at intervals of a 0.06 mm., and this 
model of wires was roentgenographed with this bias tube in twice, thrice, 
five times, ten times and twenty times enlargements. When it was 0.06 
mm., the X-ray image of wires gave the same number as the subject itself 
even in the roentgenogram of twenty times enlargement (Fig. 3). 

This model experiment enabled us to obtain the real size of the focal 
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spot. In Figure 4, the following abbreviation represent respectively that, 
a is the size of the focal spot, b is the diameter of the wire as well as the 
breadth of gaps between wires, m is the distance between the focal spot 
and the wires, n, is the first place where the penumbra of wires crosses, 
n, the second place of that, and ng the third place of that. When a is 
larger than 2b in size, the wires are imaged at the position of n, in the same 
number as the number of wires. Whereas, at the position of n,, the wires 
are not imaged as parallel lines, but are imaged mixed homogeneously. 
At the position of ng, the wires are imaged as parallel lines. The number 
of wires imaged, however, is not the same as the original number of wires 
themselves, but is increased. When the size of a is equivalent to 2b or 
smaller than that, the wires are imaged always in the same number of lines 
as the original one of the wires themselves. 





Fig. 3. Enlargement radiograpm of wires arranged parallel to each 
other at intervals of equivalent distance as its diameter. (Enlargement ratio : 
20 times) left: Wires of 0.06 mm in diameter. right: Wires of 0.1 mm. in 
diameter. top: Shema. 
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Fig. 4. Schema of occurance of penumbra. a: Size of focal spot. b: 
Diameter of wire. m: Distance between the focal spot and wire. 
n,: First place where the penumbra of wires crosses. n,: Second place of 
that. ng: Third place of that. 
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These facts were actually proved with the model experiment. The 
figure at the left of Fig. 4 (a>2b) reveals the following geometrical rela- 
a_M+nyTNe 
2b ntn, © 
is larger than 19. From this consideration we arrived at the conclusion 
that the focal spot of our X-ray tube was, at least, not larger than 0.126 
mm. 

The optimum electric potential between the focussing cap and the 
heating filament are variable according not only to kilovoltage to be driven, 
but also to the tube character to be used. 

Testing three different X-ray tubes of 6 kW., delivered from the same 
manufacturer, we found that the optimum electric potential was 1500 
voltage, 1700 voltage or 2000 voltage respectively at 50 kilovoltage of tube 
terminal. Moreover, the value of this potential increased linearly according 
to the increase of kilovoltage driven between the tube terminal as shown in 
Fig. 5. 


tion : Here, the value of 2b is 0.12, m is 1 and n,+n,. 








00 60 “Oo KV 
Fig. 5. Diagram of electric potential between the focusing cap and the 


heating filament. SV: Potential at the tube terminal. PD: Potentia! be- 
tween the focusing cap and the filament. 


By means of this X-ray tube we have taken enlargement radiogram 
of any part of the body as routine clinical work now. The roentgeno- 
graphic conditions used are shown in the Table I. 

Figure 6 illustrates a three times enlarged radiogram of the third 
lumbar spine of a healthy adult taken anteroposteriorly. The bony con- 
tour of the spine is imaged sharp, and the bony trabecullae in the body 
are visualized very fine in the structure. 

Our X-ray tube has been used for exposure of 930 times, of which the 
roentgenographic condition is detailed in Tables I and II. 

After the exposure of 110 times a faint white line was detected on the 
smooth surface of the target. This line, placed at the center of two edges 
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TABLE I 
Our Factors in Enlargement Radiography 
FS:  Intensifying screen. Intensifying coef. of 20. Sharpness coeff. 
of 0.56 (Spiegler a. Rudinger)., MS: Intensifying screen. Intensifying 
coef. of 35. Sharpness coeff. of 0.49 (Spiegler a. Rudinger). SS: Intensify- 
ing screen. Intensifying coef. of 70. Sharpness coeff. of 0.42 (Spiegler a. 

















Rudinger). 
Enlargement Focus-film Screen 
ratio distance used kV mA Sec 
mie twice 60 FS* 50 30 0.2 
Siow jut three times 90 FS 50 30 0.4 
twice 90 FS 70 30 1.0 
ond three times 135 FS 70 30 2.0 
twice 150 MS 50 30 0.8 
Lung (p.a.) three times 150 MS 70 30 0.1 
three times 150 MS 125 40 0.05 
twice 90 FS 70 30 1.0 
Abdomen (a-p-) three times 145 FS 70 30 1.5 
Lumber spine twice 90 HS 70 30 1.5 
(laterally) three times 135 SS 70 30 2.0 
TaBLeE II 
Number of Times of Exposure 
Exposure Under two 
kV time Under 0.5 seconds Under one second 
seconds 
40 20 (10 ma) 20 (10 ma) 
50 f 79 (10 ma) 10 (10 ma) 
” \177 (30 ma) 328 (30 ma) 76 (30 ma) 
60 10 (10 ma) 10 (10 ma) 
70 10 (10 ma) 10 (10 ma) 
: 30 (30 ma) 110 (30 ma) 40 (30 ma) 
326 488 116,; 930 


of the focal spot, became distinct, step by step, with the repetition of 
exposure. There still occurred, however, none of the ruins on the surface 
of the target up to 930 times exposure as shown in Fig. 7. Even after the 
930 times exposures the resolving power applied to the enlargement radio- 
graphy of wires of 0.06 mm. in diameter kept constant. 


SUMMARY 


This paper is concerned with our very fine focus of a fixed anode tube 
applied to the enlargement radiography. The focal spot of 0.126 mm. in 
size, acertained under the geometrical and experimental consideration, was 
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Fig. 6. Enlargement radiogram of the lumbar spine of an adult. (Three 


times life size) 
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Fig. 7. Target surface of an X-ray tube after 930 times exposure (3. 


times enlarged). 


made by electron beams narrowed after the principle of bias phenomena. 
By means of this very fine focus method any part of the body can be taken 
in sharp enlargement radiogram. Roentgenographic conditions are de- 
tailed. Up to now, 930 times exposures were made with this bias tube 
with no ruin on the surface of the target. 
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INTRODUCTION 


The electric cortical response evoked by photic stimulation has been 
intensively studied in the rabbits by Bartley and Bishop,”* in the cats by 
Bishop and O’Leary® and in human materials by Adrian and Matthews,” 
et al. These works indicate that the observations of the response of visual 
cortex are valuable on the study of brain function and on the clinical 
application.®2) But many problems are still remained to be researched 
in the physiological interpretation of wave forms of cortical evoked poten- 
tials and in the connection between the potentials and subjective sensa- 
tions. So, it is important to investigate these problems by using the 
materials having simple cell structure of the brain. For this purpose, the 
author designed the isolated brain-eyeball-preparation of the toad and 
made various fundamental observations of the responses of the optic lobe’ 
to retinal stimulation by light. 

The report for such a kind of experiment in which the isolated pre- 
paration was used, has never been done previously. This response is also 
apparently complicated. So, in part I of the present paper a description 
is given of determination of normal wave forms and of the relationship 
between the structure and its response. In part II some characteristics of 
this response and comparison of the response with those of the optic nerve 
and the retina are described. 


EXPERIMENTAL 
Method 


1) Material 

Dark-adapted toads which had been kept in the dark longer than 
2 hr. were used. The toad is decapitated and the right eyeball is separated 
261 
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from the muscles. The eyeball is fixed with the cotton soaked in Ringer’s 
solution, the brain is exposed and cranial nerves are cut away by the same 
method as used by Libet and Gerard,'*) except for the right optic nerve 
which finally is separated with the brain from the other. After the freed 
brain-eyeball-preparation being lifted and removed in a container of filter 
paper soaked in Ringer’s solution, the cornea and lens of the eyeball are 
cut away (Fig. 1). The whole procedure was accomplished under the 





Fig. 1. Isolated toad’s brain-eyeball-preparation set for experiments. 


illumination with white light of 35 lux or red light of 0.3 lux, depending 
upon requests of experiments. After some practice, it required from 5 to 
10 min. If the careful attention was paid on keeping out of pressure or 
tension and the preparation was timely soaked with Ringer’s solution, 
the response was usually observed longer than about 20 min. in summer 
and one hour in winter. All experiments were carried out under the 
condition of room temperature. ‘The seasonal variation was remarkable 
and in general the responses were almost constant for a longer time in 
winter than in summer. Toyoshima and Mitarai*) observed the seasonal 
changes of spontaneous rhythms of the isolated toad brain and recognized 
strong rhythms of the optic lobe only in the active period (about from 
April to September), but almost not in other periods, being different from 
that of the hemisphere or the olfactory lobe. In the hibernation period 
the lobe might be under the special condition, but the evoked potential 
could be rather distinctly observed without being disturbed by spontaneous 
rhythms. The ionic formation of Ringer’s solution is the same with that 
which Libet and Gerard used in their study on isolated frog brain ac- 
tivities.'8) In the beginning, selection of isolated preparations was made 
on the basis of the spontaneous waves from the hemisphere. 
2) Leading 


The brain and eyeball were put separately in two insulated containers, 
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and the optic nerve bridged over between each (Fig. 2). It was care- 
fully observed whether the potential changes of nerve or retina would 
superimpose its influence on that of the optic lobe, but such an effect 

















! 


Fig. 2. Leading points. H. hemisphere, E. eyeball, O.n. optic nerve, 





Opt. optic lobe, Olf. olfactory lobe. Solid arrow and dot show the positions 
of different and indifferent electrodes for leading from optic lobe and nerve. 


White arrow and circle show the similar positions for leading from retina. 


was hardly observed if the above stated arrangement and the electrode 
position as shown in Fig 2 were taken. It was further confirmed that 
after anesthetizing the optic nerve on its way or the optic lobe, even if the 
peripheral unanesthetized nerve or retina showed the potential changes, 
any of those did not enter ‘into the record from the optic lobe. These 
inferences were also acknowledged evidently in the difference of latencies 
of responses of optic lobe, nerve and retina. The electrode was of a 
similar type as used by Gréppel, Haass and Kohlrausch for human 
ERG (1938), consisting of a short glass tube which contained an amal- 
gamated zinc rod in concentrated watery solution of zinc sulfate. The 
part near the leading point was filled with Ringer gelatin, in which a 
small cotton wick was placed. By this electrode, the potential distur- 
bances as observed in using metal electrodes!*®) could be avoided. The 
optic lobe responses were led from the lobe opposing the illuminated 
retina, because it had been observed by Marshall’ that the optic nerves 
of frog crossed partially, but by Noble?” that they crossed perfectly. The 
indifferent electrode was placed at the eyeball container when the retinal 
potential was recorded and at the brain container when the lobe response 
was recorded. (Fig. 2). 
3) Stimulation and recording 

The preparation and electrodes were kept in a small box, and the 
whole retina was illuminated through a tube from outside. The stimulus 
intensity was from 400 lux to 0.9 lux on the retinal surface. The 
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stimulus duration was from 50 msec. to 2 min, as the case was. A copper 
brush fixed on the edge of the drum of an oscillograph and copper plate 
set against the brush were used as a switch in the lamp circuit. Various 
stimulus durations were obtained by using various widths of the copper 
plates. The opening and closing times of the switch are simultaneously 
recorded with responses for the signal of illumination. But in this experi- 
ments the signal usually preceded the illumination by 44 msec. One 
must subtruct this 44 msec. in the measurement of latency etc. For 
recording, Yokogawa’s electromagnetic oscillograph and a single R-C 
amplifier were used. This amplifier was not suitable for recording changes 
faster than 59 cycles, and in this regard, the present data seem to leave 
some questions to be solved in the future. 


RESULTS 


1) on-response 

The normal wave forms were determined by the results from fresh 
and stale preparations of 63 summer toads and 50 winter toads. In 
summer, spontaneous rhythms of the optic lobe were 250 to 235 msec. 
in period, and 21 to 34 wV. in amplitude, being superimposed by fast 
waves of about 100 msec. in period, but the evoked potentials could be 
differentiated definitely from the spontaneous rhythms by their amplitudes 
and periods. At the constant stimulus intensity, 250 lux, the optic lobe 
responses to the light-on were observed continuously for 1.5 to 2 hr., and 
were classified into three types by their wave forms as is shown in Fig. 3. 
That is, the Ist type consists of the series of monophasic negative spike- 
like changes. ‘The IInd, the additional initial positive deflection to the 
same. The IIIrd, the slow positive potentials with or without successive 
negative waves. Those types showed regular alternations within a certain 
range, reversible as indicated by the dotted arrow or irreversible as indicat- 
ed by the solid arrow in the figure. It was found that most of 63 cases 
represented the Ist and IInd type, especially A, B, C, D and E. Their 
latencies, culmination times and amplitudes were almost the same. There- 
fore, it was conceivable that they might be normal forms. Sometimes 
after preparation the initial positive deflection became larger as in the 
records F and G of the IInd type, and futher they were finally replaced 
by slow monophasic positive waves of the IIIrd type. The changes as 
AD-—H-lI were frequently observed. ‘Three cases showing such changes 
are represented diagrammatically in Fig. 4. In this figure, the negative 
amplitude of the first record is shown as 100, and negative and positive de- 
flections of records successively taken are shown as verticals drawn upward 
and downward respectively. This apparently indicates that generally the 
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Types Latency ser t. or t. — of 
I 70-110 110-150 25 40 
II 70-140 130-190 110-150 24 38 
III 130-200 210-280 14 22 


Fig. 3. Different forms and latencies of the optic lobe on-response in 
summer toads. Solid and broken arrows show irreversible and reversible 


changes respectively. Values in the table are in msec. Explanation in text. 
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Fig. 4. Changes of amplitude and direction of initial deflections of three 


cases after preparation. Fuller explanation in text. 


potential changes were negative monophasic during a period of about 10 
min. after preparation, but that, then, the initial positive deflection ap- 
peared and gradually increased. By repetitive stimulation with less than 
about 4 sec. intervals, waves were sometimes simplified in such a manner 
that such a complicated wave as A or D in Fig. 3 was gradually simplified 
at the first part of the repetition and became C or E type. This simplified 
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wave turned again into A or JD type after a resting interval longer than 
5 sec. The dotted arrows in Fig. 3 show the course of these changes. 
In the hibernation period, the responses consisted of two or three mono- 
phasic large waves followed by small rhythms. It is of interest to compare 
the waves simplified by repetitive stimulation in summer toads with 
the responses in winter toads. In general, the period of waves was 30 
to 70 msec. in summer, 70 to 100 msec. in winter, and the interval between 
crests of these waves was 40 to 80 msec. in the former, 70 to 170 msec. 
in the latter. 
2) effect of strychnine 

Applying a piece of filter paper, soaked in 0.1% strychnine-Ringer’s 
solution to the surface of the lobe for less than 30sec., the responses changed 
as follows. Soon after the application, the initial negative potential 
especially increased in amplitude, or if an initial positive wave had already 
been present, it disappeared and was replaced by a negative wave. But 
often after 10 to 15 min. the increased negativity faded away with the 
successive waves, and a slow positive large wave came to supplant them; 
thus the activity was finally lost. The successive waves following the 
initial one decreased progressively soon after application of the strychnine 
solution. These results may suggest that strychnine facilitates especially 
the initially responding element (Fig. 5). 

















Fig. 5. Effect of strychnine. Each response is recorded every 2 minutes 
one after another. The drug is applied after the 3rd record. Light stimulus 
is marked downward on the horizontal line every four responses. 


3) off-response 

The normal off-response was similar in form and direction to the 
normal on-response, but the amplitude was smaller than that of the on- 
response. In the course of preparation aging, the wave form changed, 
for instance, from A, B and C type to E and F, or from D to E and F (Fig. 
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6). The behavior to repetitive stimulation was also like that of the on- 
response. But in some cases, no off-response followed the on-response. 








- H 
1 sec. 
Types Latency a. ” Cases % 
I 40-110 14 48 
II 50-110 60-150 8 27 
III 160-300 7 25 


Fig. 6. Different forms and latencies of the optic lobe off-responses, in 
summer toads. Solid and broken arrows show irreversible and reversible 
changes respectively. Values in the table are in msec. Explanation in text. 


When both on- and off-responses could be observed, it was noted that 


the latter was much shorter in latency that the former. 


DIscussION 


The anatomical and physiological studies of toad and frog brain 
have been carried out by Herrick,!*!*) Marshall,!®) Noble, Imogawa!®? 
and others. According to these reports, after crossing perfectly (Noble) 
or partially (Marshall) at the ventral border of the thalamus, the optic 


nerve enters the midbrain roof through arround the thalamus. 


region the nervous terminals connect with the mesencephalic root of tri- 
geminus and with the motor neuron of oculomotor and trochlear nerve. 
Further, the optic tract sends collaterals to the thalamus, and the fibers 
from thalamus to hemisphere form the thalamofrontal tract which is 
destined to be the optic radiation in mammals. ‘That is, the optic lobe is 
the first center as well as the chief reflex center in the visual sense of toad 
and frog. So, its potential does not coincide in origin with that of the 


optic cortex, the second center, which was observed in rabbits or cats. 
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But, for interpretation of the wave forms and the behaviors, the, study of 
the optic cortex of mammals will serve as an important reference because 
any other cortica! responses are similar enough to permit the optic response 
to be taken as the general type of discharge of the central nervous system®). 
This inference seems to be warranted by the interpretation of wave forms 
in the present data as we!l as by the comparison of geniculate potentials 
with responses in the radiations and the cortex. Dubner and Gerard!" 
have observed the cortical responses evoked by retinal stimulation and 
recognized that the geniculate on-response consisted of an initial negative 
potential and following prolonged positive waves, the off-response was 
similar in form and direction, but less in amplitude. Bartley and Bishop?* 
and Bishop and Bartley®’ have studied the cortical response to the stimula- 
tion of the optic nerve in the rabbits, and pointed out that there were two 
sorts of the responding cortical elements, the one produced the initial large 
diphasic wave, its first phase connoting positivity of the cortical surface, 
the other a series of at least five waves all typically monophasic, again with 
the surface positive against the inner electrode. And, on the basis that the 
activity of cells, and not of fibers, played the dominant role in the cortical 
records, and the cell activities resulted in negativity at the active region, 
they inferred that the responding elements were directed perpendicularly 
to the surface; that the impulse in general passed over them from below 
toward the surface, and that the surface positivity would then indicate 
negativity at the inferior pole of elements. As an explanation of mono- 
phasic potentials, they also inferred that an impulse would either fail to 
sweep completely across an element, or else that such an impulse would 
then propagate laterally. Bishop and O’Leary”’, in the study of geniculate 
potentials of cats, have recognized that as an electrode approached the 
active layer of the dorsal nucleus from the radiation aspect, a positive wave 
was recorded, but abruptly inverted to negative as the layer was passed and 
remained negative. Libet and Gerard'’) have proposed that cell response 
consisted of a difference of potential set up between axonal and dendritic 
ends of the cell. Bishop*’ suggested that the unit cell potential was pre- 
dominant at the axonal aspect. The toad’s optic lobe responses showed 
the negative potential in the beginning, and the initial positive deflection 
after a while. The positivity increased by and by, and finally the potential 
became a slow positive monophasic wave as observed in the rabbit’s cortex 
by Bishop and O’Leary®’. Accordingly, it is clear that the toad’s optic 
lobe potential obtained by the above-mentioned method is negative in the 
normal condition. And it was further confirmed in observation of the 
effect of strychnine on the optic lobe responses. That is, when the strychnine 
solution was applied to the optic lobe, the negative potential was increased 
or it took the place of the positive deflection which had been already pre- 
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sented. Then it was decided that the A, B,C, D and E in Fig. 3 and A, B, C 
and D in Fig. 6 are the normal physiological responses. And the reason 
why the direction of their polarity is reverse to that of the cortex in mam- 
mals, will be found mainly in the anatomical difference. The optic lobe 
responses seemed to be rather similar to that of the geniculate body led 
from the opposite side to the radiation aspect. But the polarity could 
vary in direction due to the positions of both electrodes. ‘Then, in this 
report, not only the cases showing negative potentials, but also the cases 
showing slight initial positive abrupt potentials were considered as the 
response in the normal condition. By repetitive stimulation, this response 
lost its complicacy and became simpler, consisting of only two or three 
main waves in the optic pathway of toad, and the successive stimuli evoked 
the activity of only afferent terminals. It may be also the same phenome- 
non that the responses become simple in winter. Bishop*) reported that 
the optic nerve fibers were divided into main three groups according to 
the difference of their conduction rate, also analyzed® the successive waves 
of the optic cortex and proposed that the first wave was produced by the 
arrival of the afferent volley at the afferent terminals, while the second and 
the other successive waves were produced by the cortical elements. The 
similar proposal was made by Derbyshire, Rempel, Forbes and Lambert!” 
in the cat’s brain activities elicited by sciatic stimulation. When a series 
of stimuli with a frequency of more than 5 per sec. was applied to the 
nerve, the first stimulus evoked the large wave followed by successive 
waves, but each stimulus after the second evoked only the first wave. 
Forbes and Morison!” reported a further observation on the mechanisms 
of these cortical responses, and designated the first response as the primary 
response indicating the arrival of the afferent volley, and the successive 
waves as the secondary discharge; and inferred that the disappearance 
of the secondary discharge was to be ascribed to fatigue in some mechanism 
of relay neurones. The behavior of toad’s optic lobe responses to repetitive 
stimulation resembled the cortical responses mentioned above. ‘Thus, it 
appears that two or three main waves are originated by afferent terminals 
which received the impulses arriving at different times, and that the series 
of successive waves show the activities of the synaptic process and motor 
cells. 


SUMMARY 


The electric response of the optic lobe to retinal stimulation by light 
was observed in the isolated brain-eyeball-preparation of toad. 

1. The response consisted of two or three main waves which are 
first negative monophasic or first diphasic with initial positive abrupt and 
a series of successive monophasic waves. But these wave forms showed 
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remarkably seasonal variations. In a hibernation toad the response con- 
sisted of only two or three large waves. 

2. Such complicated waves as seen in summer toads are simplified 
by repetitive stimulation of a certain frequency into only two or three 
waves. 

3. Strychnine facilitates the activity, especially that of the elements 
which respond in the beginning. 

4. According to these findings, it appears that two or three main 
waves show the activities of the afferent terminals while a series of suc- 
cessive waves show the activities of the synaptic process and motor cells. 
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INTRODUCTION 


The normal wave forms of optic lobe response were determined in 
part I. Observations of some characteristics of optic lobe response and 
comparison of the response with those of retina and nerve are now carried 
out, using fresh preparations showing the normal waves. Especially in 
this paper it is reported that the change of the latency of optic lobe response 
in the course of dark adaptation resembles closely that of the so-called 
perception time at the critical stage. This report on the change of latency 
may contribute something to objective studies of the so-called critical 
stage. 


EXPERIMENTAL 
Results 


1) Latency and culmination time of on-response. 

For the latency, the time was measured from the beginning of stimula- 
tion to that of response, and for the culmination, from the beginning of 
stimulation to the culmination of response. In summer toads, as the table 
in Fig. 3 of part I showed, in response to stimulation of 250 lux and 0.7 
to 1.2 sec. in duration, latency was 70 to 140 msec., and primary culmina- 
tion time was 110 to 170 msec. In winter toads, latency was 190 to 240 
msec., and primary culmination time was 220 to 270 msec. Although 
materials were divided into only two groups of—summer and winter toads 
in this paper, it must be mentioned that even in one group according to 
the hibernation, awakening, active or prehibernation period, there are 
some diiferences. The latency also varied depending upon the stimulus 
intensity (Fig. 1). In summer toads, between at 250 lux and 6 lux, the 
difference was about 30 msec., and the variation was more marked over 
an intensity range less than about 6 lux. In winter toads, at intensities up 
271 














272 G. Mitarai 


to 400 lux, the change was as clear as in the summer toads, and at less 
than about 6 lux, the variation was most conspicuous. A change in in- 
tensity from 0.1 to 1 lux and another from | to 50 lux respectively caused 
a change of about 100 msec. in latency. An example in which the intensity 
was changed from 0.1 to 1 lux is illustrated in Fig. 2. 

2) Amplitude and refractory period of on-response. 
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Fig. 1. Relation of stimulus intensity to latency of optic lobe responses 


in winter and in summer toads. 
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Fig. 2. Oscillographic record of the optic lobe responses to various light 

intensities, 1, 0.6, 0.4, 0.2 and 0.1 lux from above downward, in winter toad. 
‘ 

Time: 1/120 sec. Duration of illumination: | sec. (Read from right to left.) 


The seasonal variation was not clear in amplitude. Comparing the 
amplitudes of individual waves, in one case the first wave was highest, 
but in another the second. However, the Ist wave was generally higher 
than the others. The variation of amplitude depending on the stimulus 
intensity was most clearly seen at less than 6 lux. In winter toads, the 
amplitude was in proportion to the log-intensity between 0.1 and 0.6 lux 
(Fig. 3). In summer toads, the relationship between amplitude and in- 
terval of repetitive stimulation of 250 lux and 0.7 to 1.2 sec. was observed. 
Fig. 4 shows the results obtained by using various intervals from 1 to 5 
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Fig. 3. Relation of amplitude to log-intensity. 
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Fig. 4. Relation between the amplitude of second response and the in- 
terva! from first to second stimulus. The amplitude of the first response and 


that of the second are marked by a circle and dots respectively. 


sec. The results indicated that the amplitude decreased by the repetition 
at short intervals but recovered again at intervals longer than about 4 sec. 
The relative refractory period was about 4 sec. under such stimulus con- 
ditions as above. In repetitive stimulation at an interval of about 100 
msec., the response appeared sometimes only at the first stimulation and 
scarcely at and after the second. This suggests that the refractory period 
of optic lobe response is longer than that of the retina. 
3) A comparison of the potentials at optic lobe, optic nerve and retina. 
The comparative details of the three latencies of responses of optic 
lobe, nerve and retina were observed by successive recordings from each. 
Table I shows those average values obtained from summer toads under 








974 G. Mitarai 


Taste 1 


Average Values in msec. of Latencies and Culmination 
Times of On- and Off-responses, in Summer 











Toads 
On-response 
Retina Optic lobe 
Type Latency Culmin. t. Culmin. t. SC ccicte ities 
(a-wave) (a-wave) (b-wave) ere aoe 
I 50 80 270 90 120 
II 50 110 330 100 160 
Off-response 
Latency of d-wave 40 60 70 70 =120 
Latency of optic lobe 60 70 70 80 120 


the stimulus conditions of 38 lux. The average of on-response refers to 
two types, according to the type of optic lobe responses mentioned in part 
I. As to the on-response, it was recognized that the optic lobe response 
of the Ist type started about 10 msec. later than the culmination of the 
a-wave. But there were some exceptions, especially in the response of the 
2nd type, the culmination of the a-wave being later and having various 
relationship to optic lobe responses. Comparing the latencies of the a- 
wave with that of optic lobe response, about 55% of the latter was con- 
sumed by the former. From these findings it can be derived that the 
latency of the b-wave takes about 60% of that of optic lobe response. 
These relations were further observe! in winter toads, together with the 
additional observations of optic nerve response. The results obtained are 
given in Table II, and the relation of each wave is represented diagram- 
matically by their average values in Fig. 5. This diagram illustrates that 
the start of optic nerve response and the peak of the a-wave almost coincide 
in time, and that the optic lobe response starts about 70 msec. later than 
the peak of the a-wave. It may be found that about 30% of the latency 
of optic lobe response is consumed by that of the a-wave, and about 70%, 
by that of the b-wave. There were scarcely seasonal variations of the time 
relations between both latencies of b-wave and optic lobe response. This 
may be because the processes following the photo-reception in the retina 
are relatively prolonged in winter. But the latency of the a-wave of winter 
toads was not prolonged in proportion to the other latencies. In summer, 
the culmination of the b-wave frequently coincided in time with about 
the middle of optic lobe responses. In winter, that of the b-wave appeared 









































and retina, in winter toads. 


The time-relations are based upon the average 
values illustrated in Table II. 
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TABLE II 
Experimental and Average Values in msec. of the Latencies 
and Culmination Times of the On-responses of 
Retina, Optic Nerve and Optic Lobe, and 
Differences between their Latencies, in 
Winter Toads. 
Explanation in text. 
Retina Nerve Lobe Difference 
Date | f | de | go |e 1s |e | ge | Se 
=| = = S = S = = 
8) =I iS O- = . S SI C 
= ee gs |82 gs|Snlgeigs| 7. - 
“I e) ie) = o = 2) Oo Z 4 4 
8/XII 50 158 430 130 | 210 | 210 , 240 | 290 80 80 160 
11/XII 50 153 477 131 213 213 250 307 81 82 163 
12/XII 58 164 490 149 | 230 | 231 290 360 91 82 173 
22/XII 70 170 520 160 | 240 242 280 360 90 82 172 
23/XI1I 76 180 550 159 | 240 243 300 373 83 84 167 
25/XII 70 175 500 170 242 240 | 257 332 100 70 170 
16/I bi 177 525 173 | 247 255 | 290 | 373 98 82 180 
18/I ts 181 510 172 | 241 250 276 334 99 78 177 
20/1 75 185 590 166 253 252 312 kb 91 86 177 
19/II 85 190 590 189 | 260 | 260 | 290 | 373 | 104 71 175 
20/II 95 200 600 200 282 280 | 320 | 390 | 105 80 185 
22/11 110 210 650 215 290 | 287 340 | 393 | 105 72 177 
Average 74 179 536 169 245 247 287 355 94 79 173 
lee A ’ , 
i 
ad 450 750 msec, 
Fig. 5. Comparison of the on-response of optic lobe with those of nerve 
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much later than the series of main waves of the optic lobe. As to the off- 
responses, which have been observed in summer toads only (Table I), the 
difference between the latency of optic lobe’s off-response and that of the 
d-wave was only slight, compared with that between the latencies of the 
on-response and the a-wave. 

4) <A change of latency of optic lobe on-response in the course of dark 
adaptation. 

In this observation, hibernation toads yielded the best result, because 
preparations obtained from them were suitable for long-period-observa- 
tion. In the beginning, the whole procedure to make a preparation was 
done under the light of 35 lux; it took about 10 min. In order to deter- 
mine changes in optic lobe response during dark adaptation, the responses 
to 38 lux light were successively observed. An interesting change in 
latency was found as follows. The latency decreased within about 8 to 
10 min. as expected usually, but soon it tended to increase, as if the pre- 
paration had aged. But after the increase, the latency decreased again, 
and therefore its dark adaptation curve showed a crest at about 20 min. in 
the dark. This variation in latency was about 20 to 30 msec. The curve 
resembled closely the dark adaptation curve of the so-called perception time 
for light obtained from human experiments, and the crest resembled that 
of its critical stage. Furthermore this was confirmed in the following 
experiment. The preparation was made under illumination with red 
light of 0.3 lux and was held again in the dark for about 10 min., thereafter 
the retina was illuminated by light of 500 lux for 1 to 2.5 min. and stimulated 
by flash lights of 0.5 lux and about 100 msec. in duration every 2 min. 
This series of experiments apparently indicated that the optic lobe response 
varied similarly in latency as observed above (Fig. 6, 7). One will find 
this change immediately in the record. In Fig. 6, the crest time, the time 
from the beginning of dark adaptation to the crest of latency curve, was 
about 9 min. in A, about 18 min. in B and about 22 to 24 min. in C and 
D. These findings show that, as the previous illumination is longer, the 
crest appears later. Also, the wave forms after the crest time were found 
somewhat different from those before it. The latter consisted of low and 
slow waves, but the former were high and fast (Fig. 7). 


DIscUSSION 


1) Comparison of the response of optic lobe with those of nerve and 
retina. 

It is to be noted that the variation of latency and amplitude of optic 
lobe response depending on stimulus intensity was most clearly seen over 
a range lower than 6 lux, and that the amplitude varied in proportion to 
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Fig. 6. Change of latency of optic lobe response in the course of dark 
adaptation under various conditions of previous light adaptation and stimula- 


tions. 
Previous light Stimulus intensity 
adaptation. and duration. 
A: 500 lux 1.0 min. 0.5 lux 100 msec. 
B: 500lux 1.5 min. 0.5 lux 80 msec. 
C: 500 lux 2.0 min. 0.5 lux 100 msec. 
D: 500 l]ux 2.5 min. 0.5 lux 70 msec. 


the log-intensity between 0.1 and 0.6 lux. But the optic lobe response is 
naturally accompanied with the excitation of retina and nerve as precursor. 
So, it is important to compare the response of the optic lobe with those 
of the nerve and the retina, for the study of relationship between cortical 
evoked potentials and subjective sensations. It is also significant for the 
investigation of the problem concerning the origin of ERG. Firstly, it is 
noted that the latency of on-response is always shorter than that of off- 
response, and that the time from the beginning of b-wave to that of optic 
lobe on-response is almost the same as the time from d-wave to off-response. 
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Fig. 7. One series of the optic lobe responses in the course of dark adapta- 
tion. Each response is recorded every 2 minutes one after another. Light 
stimulus is marked downwards on the horizontal line every two or four res- 
ponses. Time: 1/12sec. Calibration: 50uV. (Read from right to 
left) 


Granit®) suggested that the d-wave was a release phenomenon of PII from 
some inhibitory effect of PIII. Hartline®’ distinguished different fibers 
of frog’s optic nerve which were to be activated separately by on- and off 
stimuli. Bartley?) reported that on- and off-responses of rabbit’s cortex 
could follow one another at a shorter interval than two successive on- 
responses, and supposed that there were the responding elements presenting 
only the ofl-response which was not a release phenomenon. The present 
observation provides evidence of an almost similar type of the mechanism. 
But according to the facts that the latency of the optic lobe off-response is 
shorter, and that the time from the beginning of b-wave to that of optic 
lobe on-response is almost the same as the time from d-wave to off-response, 
it seems that the off-response arises from the off element in the retina 
which is stimulated by release from on effect. In winter toads, the time 
difference between the latency of the a-wave and that of the optic nerve 
potential (N—R) showed parallel changes to that of the a-wave, but the 
time from optic nerve to lobe (C—N) was hardly variable. This shows 
that the change of the latency of optic lobe response is mainly determined 
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by the behavior of the retina, and that the change of the conduction rate 
of optic nerve is not so remarkable. On the other hand, the latency of 
optic lobe response was occupied about 60 to 70°% by that of the b-wave. 
This may show that the time spent in the visual process is mainly changed 
by the retinal process. The response of optic nerve arose at about the 
same time with the culmination of the a-wave or slightly before it. Based 
upon this fact, it is inferred that the b-wave consists of the action potential 
of the element which sends immediately the impulse to the optic nerve. 
Granit described that the b-wave consisted mainly of PII and represents 
the immediate precursor of the nervous activity. Adrian and Matthews!) 
reported that the nervous inipulse started in the course of the a-wave. 
Hartline®’ recognized that the response of optic nerve arose at the same 
time with the peak of the b-wave. Bishop‘) inferred that the b-wave was 
caused by the activity of the bipolar cell layer in the retina or the synapses 
concerned. According to the present experiments, it may be concluded 
that the b-wave consists of the ganglion cell activity. 

2) Change of on-response in the course of dark adaptation. 

The change of latency of the optic lobe on-response in the course of 
dark adaptation resembled that of the critical stage of the so-called percep- 
tion time for light. The perception time for light is the time from the 
beginning of a light stimulus to the perception of the light. But in fact 
its absolute value could be never obtained, because the time was from the 
objective point of time, the starting of illumination, to the subjective point 
of time, the beginning of sensation.?) However, it seems that electrical 
phenomena in the sensory pathway and the cortex can be a useful index 
for measuring this time objectively. Jasper and Cruikshank’) compared 
the alpha-blocking time with the reaction time, and found that the former 
was shorter than the latter. Mita*) showed that the alpha-blocking time 
changed depending on a state of light adaptation, and that the difference 
between the alpha-blocking time and the reaction time was always constant ; 
this means that only the afferent process was variable while the efferent 
process remains unaltered. Further, based on many other observations, 
Mita®’ arranged the data in the following order. The latency of b-wave 
< the perception time < the culmination time of b-wave < the alpha- 
blocking time < the reaction time. Bernhard*® studied the effect of 
successively presented two light stimuli by the alpha-blocking time. On 
the other hand, the cortical evoked potentials by light stimulation have 
been investigated in animals as mentioned above, and recently in human 
subjects by many authors.”!®) Bartley?) carried out the comparison of the 
electrogram of the optic cortex with that of the retina in the rabbits. Mon- 
nier!®?) measured the retino-cortical time by simultaneous recording of 
ERG and EEG in human subjects. These reports indicate that the cortical 
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electrical phenomenon can be a useful measure for determining the percep- 
tion time for light. But on its critical stage, no objective study has been 
made so farasI know. ‘This is a characteristic phenomenon which was con- 
firmed by Vogelsang, Fréhlich, Hecht and Mita since its discovery by Kovacs 
in 1922. The crest which appears in the latency-dark adaptation curve of 
toad’s optic lobe on-response resembled the crest of the curve illustrating 
the critical stage not only in form but also in dependence on pre-illumina- 
tion. The higher the grade of light adaptation, the later and the clearer 
the appearance of the crest. If the grade of light adaptation was low, the 
initial decrease of the latency was not seen. This behavior is very similar 
to that of the critical stage in perception time which was observed clearly 
by Mita and his colaborators. At present, it is not clear where in the optic 
pathway this change arises. But the fact that the latency of the b-wave 
corresponds to 60° of that of optic lobe response may suggest that the 
retinal process plays a dominant role in causing this change. Further, 
latencies of b-wave, nerve and lobe response may be arranged in such 
relation as the latency of b-wave < that of nerve response < that of optic 
lobe response < the culmination time of b-wave. Comparing this rela- 
tionship with Mita’s data mentioned above and with Bartley’s report?’ 
that the peak of the b-wave coincided in time with the main cortical wave, 
the latency of toad’s optic Jobe on-response may be correlated to the so- 
called perception time. These results may indicate that the electrical 
phenomenon of sensory pathway serves, to some extent, to interpret the 
so-called perception time in terms of neurophysiological data. 


SUMMARY 


1. The latency of on-response was changed markedly by the changes 
of stimulus intensities, especially by the changes from 0.1 Jux to 6 lux, and 
showed a large seasonal variation. ‘The amplitude was changed in pro- 
portion to the log-intensity at least within a range from 0.1 lux to | lux, in 
winter toads. 

2. The optic lobe off-responses were frequently absent even if on- 
responses appeared. ‘The latency of the former was always shorter than 
that of the latter. But wave forms were almost the same in both cases. 
The optic lobe off-response seems to arise from the off-elements in the 
optic lobe, which receives neural impulses originated in the retina as 
post-inhibitory-rebounds. 

3. From comparison of the latency and culmination time of optic 
lobe response with those of optic nerve and retinal responses the following 
relation was established: ‘The latency of retinal b-wave < the latency 
of optic nerve response < the latency of optic lobe response < the culmina- 
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tion time of retinal b-wave. ‘The latency of the retinal b-wave correspond- 
ed to 60 to 70% of that of optic lobe response. Accordingly it seems that 
the retinal process plays a dominant role in the change of latency of the 
visual process. These findings also suggest that the b-wave originats from 
the immediate precursor which sends the impulse to the optic nerve. 

4, The latency of optic lobe on-response in the course of dark adapta- 
tion showed a characteristic change which resembled the critical stage in 
the so-called perception time for light. These findings suggest that the 
evoked potential of the optic lobe is closely connected with the occurrence 
of the visual sensation and can be an objective measure for visual activity. 


The author wishes to express his gratitude to Dr. Seiz6 Katsunuma and 
Hideo Toyoshima for their constant interest and guidance during this study, 
and to Mr. Kéichi Otani for his invaluable technical assistance. 
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McCoy and Chapin” who discovered Bact. tularense in 1911 described 
in their article that the organism exhibited marked polymorphism, but 
more detailed morphological studies of yato-byo bacteria including Bact. 
tularense were made for the first time by H. Ohara?’, the writer’s late father, 
discoveror of yato-byo in Japan, and his co-workers. Kawakami*, one of 
them, said in his work that this organism should be called pleomorphous 
cocco-bacillus and he assumed that its pleomorphism was due to its peculiar 
movements. In 1945 Hesselbrock and Foshay*’ took up this problem, and 
their systematical studies revealed that Bact. tublarense was an extremely 
polymorphous microorganism, “ polygenethodic’’ possessing multiple 
modes of reproduction, and “ budding ’”’ as the chief mode of reproduc- 
tion. Eigelsbach and his, colleagues®) studied the multiple features of this 
organism with the aid of electron microscopy in agreement with the study 
reported by Foshay and his co-workers. Giuntini and Girard® also 
observed the organism with electron microscopy and concluded eventually 
it was a lenticular coccus, without recognizing various features, as described 
by American investigators. Recently Sakurai?) of Japan investigated 
Bact. tularense with electron microscopy in combination with observation 
of the multiplication curve of the bacteria in liquid media, and reported 
that degeneration of the bacteria resulted in pleomorphism. 

The writer also has studied the morphology of yato-byo bacteria since 
1948 in cooperation with Prof. Yamanaka*), who has been observing it 
with electron microscopy. It is reported in this paper that, by using a 
phase contrast microscope, the morphological changes of the bacteria were 
found to occur in a short period in several mounting media. 


EXPERIMENTAL 


Materials and method 
Yato-byo bacteria isolated from about 50 per cent of the 88 cases of yato-byo 
patients since 1948, and isolated bacteria from the heart blood of a dead 
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hare found in the outskirt of Fukushima city, and also from the ticks suck- 
ing a dead hare were used. A strain of low vilurence, Hashimoto, was, 
however, chiefly used in this experiment. This strain was originally 
isolated by the author from human axillary lymph nodes in 1952. ‘The 
culture was maintained in the pig-liver hemoglobin medium devised by 
the author, for 24 hours at 37°C. The preparation is made by the fol- 
lowing method: a) one drop of physiological saline is taken on a slide 
glass; b) a small amount of yato-byo bacteria is diluted in a) with a loop; 
c) immediately afterwards, a clean coverglass is put on the specimen. 

Chiefly, physiological saline was used as mounting medium and anisole 
oil used instead of cedar oil. 

The source lamp was a filament bulb of 6 v.5 am. Film was 35 mm. 
Fuji Minicopy. Ocular lens was Olympus K 20 and objective lens 
Olympus Negative-High 100. 

Observation was made with 10 minutes’ at first and towards the end 
with 2 minutes’ interval, and during the intervals the source lamp was 
switched off. 

A special instrument for keeping the preparations warm was not 
used, because the room temperature remained to be 20° to 25°C through 
the observation. 


Result 


Form changes did not occur in the first about 30 minutes; around 
40 minutes after the beginning of the observation, some of the bacteria 
gradually changed their forms. (Fig. 1-3) 

This phenomenon was observed in nearly every specimen which had 
been subcultivated and incubated for 24 hours at 37°C, and in some cases 
left alone at the room temperature about one month. 

Giant cells appeared often in specimens of yato-byo bacteria, as has 
been described in the case of Bact. tularense. Most of the times, the 
morpholgical changes mentioned above could be seen clearly in the giant 
cells, and, moreover, this phenomenon occurred in the normal coccoid 
or bacillary bacteria too. 


CoMMENT 


When the yato-byo bacteria are put in distilled water or in 2 per cent 
gum Arabic solution, they become coccoid immediately. 

Even if they are put in saline solution, they may gradually change 
their forms in about 40 minutes as described above. 

These morphological changes of the bacteria should be ascribed partially 
to the relation between the properties of the surface of the individual cells 
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Fig. 1. Photographed 6.30 a.m. 
Fig. 2. Photographed 7.10 a.m. 
Fig. 3. Photographed 7.12 a.m. 
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and those of the mounting media. But, this phenomenon could hardly 
be interpreted only physically. because one can observe the fact that some 
organisms are liable to change their forms, while others are not in the same 
specimen, and because they turn coccoid in distilled water as well as in 
thick gum Arabic solution. Nor should it be mistaken to mean degenera- 
tion of the organisms, seeing the fact that this phenomenon could occur 
occasionally during the period of the most luxirious multiplication of the 
organism after cultivating 24-48 hours. It is presumed that a phase of 
the life cycle of the bacteria has been observed in this phenomenon. 


CONCLUSION 


There are various theories concerning the morphological changes of 
a generation of bacterium. ‘The author could observe the form changes 
of yato-byo hacteria which took place in a short period. 

As to the peculiar morphology of Bact. tularense in question, i.e. its 
minute forms, giant cells and reproduction modes, various discussions have 
recently been made in Japan, America and France. No definite conclusion 
is, however, made. Difficulty of this problem may probably be attributed 
to the adaptable form changes of the bacteria in a short period, and pleo- 
morphism or polymorphism of this organism should partially be based on 
its form changes described above. 

This study has been directed by Prof. Shozo Toda, the President of 
the Kanazawa University, and has been carried out under close coopera- 
tion of Prof. M. Yamanaka of the Osaka Medical School. The paper 
was reviewed and corrected by Prof. S. T. Katsura of the Tohoku Univer- 
sity. The author expresses his deepest gratitude to those collaborators. 
The study was supported by the Scientific Researches Fund awarded by 
the Ministry of Education, Japan. 
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Psidium guajava L. is a shrub grown in the subtropics and tropics. 
Formosans say that its root would induce impotence after oral administra- 
tion, and it is said that monks use it as a suppressant of the libido in South 
China and Japan”. No studies have been carried out on this plant from 
this point of view. 

In this respect it seems to be interesting that Lithospermum ruderale, 
a herb which is used as the contraceptive by American Indians, was found 
to induce sex organ atrophy and diestrus in mice and rats®,”), 

In order to see whether the use people make of it as a suppressant 
of the libido is reasonable or not, the present study was undertaken. 


EXPERIMENTAL 


Materials and Method 


After drying a sample of the root of Psidium guajava L. which was 
collected in the autumn of 1953, it was extracted with hot water or hot 
50%, alcohol three times for about 8 hours each time. After evaporation 
of the extract under reduced pressure, a brown amorphous material was 
obtained. It was stored in a desiccator and was dissolved in distilled water 
before use. 

Rats and mice of both sexes were used. The animals were fed twice 
a day ; unpolished rice (15 gm. in rats and 3.6 gm. in mice) in the morning 
and cooked rice (35-45 gm. in rats and 5 gm. in mice) in the afternoon. 
Vegetable, dried fish and cod liver oil were added as a supplement. The 
material under study was injected subcutaneously or administered orally. 
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For oral administration the animal was fed cooked rice mixed with the 
material. In female rats and mice vaginal smears were examined daily 
by the lavage technique. ‘The smears were dried under heat and stained 
with Giemsa. Following the last day of administration, the animals were 
killed by ether and the ovaries, uterus, testes, seminal vesicles, prostate, 
thymus, adrenals, thyroids, and hypophysis were removed and weighed 
after fixing in Bouin’s fluid for 24 hours. ‘To ensure uniformity dissection 
was done by one person. ‘The organs of the injected rates and the control 
ones were, then, double-imbedded in celloidin and paraffin. The sections 
were stained with hematoxylin-eosin and Heidenhain’s azan stain. 


Results 


Subcutaneous injection to male rats. 50%, alcohol extract or aqueous 
extract of psidium root was injected subcutaneously in mature male rats 
for 10 days in daily doses of 15 mg. Untreated control rats were simultane- 
ously run, all groups consisting of 10 animals each. Either retardation or 
cessation of growth occurred in treated rats, although food intake did not 
decrease (Fig. 1). The weight of the seminal vesicles, prostate, and testes 
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Fig. 1. Mean body weight and food intake of male rats injected with 


psidium root extract subcutaneously. 


was significantly reduced in the treated groups. ‘There were significant 
adrenal hypertrophy and thymus involution in the treated groups also 
(Table I}. Subcutaneous necrosis was observed at the injection site. 
Subcutaneous injection to female rats. Female rats which showed regular 
estrous cycle were injected aqueous or alcohol extract subcutaneously for 
12 days. As shown in Fig. 2, the estrous cycle was inhibited in 4 cases in 
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Contrel 
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Fig. 2. Estrous history of rats injected with psidium root extract sub- 
cutaneously. The black squares represent vaginal cornification. * indicates 
autopsied. 


the groups given daily doses of 20 mg. alcohol extract, in 3 cases in the 
group given dialy doses of 15 mg. alcohol extract and in the group given 
daily doses of 20 mg. aqueous extract, and in 4 cases in the group given 
daily doses of 30 mg. aqueous extract. Estrus was prolonged in 1 case 
and 2 cases in the group given daily doses of 20 mg. and 15 mg. aqueous 
extract respectively. We are planning to fractionate the aqueous extract 
and clarify whether psidium roct contains water soluble oestrogen or not. 
Six cases which showed onset of diestrus, were autopsied for nieasurement 
of organ weight and histological examination. The control animals which 
were autopsied at diestrus, were simultaneously run. There were no 
significant ovarian and uterine atrophy and adrenal hypertrophy, while 
thymus involution was significant. Neither retardation of growth nor 
decrease of food intake was observed (Fig. 3). 

Oral administration to rats. ‘The alcohol extract was administered orally 
to male rats in daily doses of 300 and 600 mg. for 30 days. The weight 
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Fig. 3. Mean body weight and food intake of female rats injected with 
psidium root extract subcutaneously. 


of the prostate of the treated rats was reduced, but the reduction was not 
statistically significant. Neither thymus involution nor adrenal hyper- 
trophy was observed: (Table II). The slight retardation of growth was 
observed in the group administered with 600 mg. daily, but the food intake 
did not decrease. Twenty days’ oral administration to female rats in 
daily doses of 600 mg. did not inhibit the estrous cycle. 

Oral administration io male mice. The alcohol extract was administered 
orally to adult male mice in daily doses of 300 mg. for 14 days, but it 
caused no change in the weight of the testes, prostate with seminal vesicles, 
thymus and adrenals. The weight of the prostate with seminal vesicles 
of young mice after 14 days’ oral administration in daily doses of 600 mg. was 
slightly reduced, but not to a degree statistically significant (Table ITI). 
Growth retardation, thymus involution and adrenal hypertrophy were not 
observed. 

Oral administration to female mice. Female mice which showed a regular 
estrous cycle were divided into two groups. After 13 days’ normal diet, 
the first group was placed on experimental diet containing 120 mg. of 
alcohol extract for 28 days. During this period the second group served 
as control. The estrous cycle of the treated mice did not change. Follow- 
ing this the first group was returned to normal diet and the second group 
was fed 300 mg. alcohol extract daily for 28 days. Suppression of the 
estrous cycle and a slight initial body weight loss were observed (Fig. 4). 

Histological findings. The seminal vesicles of the injected rats were 
atrophic and showed reduction of epithelial height and lumina which 
contained less secretion. Many of the nuclei of the epithlium underwent 
degenerative changes. Secretion granules were diminished and stained 
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trous history of mice fed on alcohol psidium root extract. 
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rhe mean body weight and food intake are plotted below. 








on Reproductive Organs 








Fig. 5. Seminal vesicle of a control rat, 
showing high epithelium. Numerous secre- 
tion granules are seen in the distal parts 
of the epithelial cells. Bouin’s fixation, 
hematoxylin and eosin stain. x 80. 





Fig. 6. Seminal vesicle of a rat injec- 
ted subcutaneously in daily doses of 15 mg. 
of 50% alcohol extract of psidium root for 
10 days. Note the low epithelium and the 
reduction of lumina and secretion. Bouin’s 
fixation, hematoxylin and eosin stain. 


80. 
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pale with eosin (Figs. 5,6). In the prostate, epithelial height and acinous 
distention were below the normal, and the light areas of the epithelial 
cell cytoplasms were not so strong as in the control. Mitoses were seldom 
encountered in the epithelium of the seminal vesicles and the prostate. 

Active spermatogenesis was seen in the seminiferous tubules of the 
injected rats. Oridnary histological preparations showed little change 
from normal in the interstitial tissue of the testis, although mild atrophy 
of the Leydig cells was noted in some cases. 

Large and mature follicles were only occasionally found in the ovaries 
of the treated rats, and when present they showed degenerative changes in 
the granulosa cells. Majority of the growing follicles were also atretic. 
Corpora lutea showed regressing change, and no newly formed ones were 
found. ‘The interstitial tissue of the ovary showed no remarkable change. 

In the hypophysis, the basophils had hypertrophied, and in some of 
them the negative Golgi image was clearly visible in the shape of a light 
ring, and in the others a single large vacuole appeared in the cytoplasm 
(Fig. 7). In the preparations which were fixed in Bouin’s flu:d and stained 





Fig. 7. Anterior lobe of hypophysis of a rat injected subcutaneously in 
daily doses of 15 mg. of 50% alcohol extract of psidium root for 10 days, show- 
ing many enlarged and vacuolated basophils. Bouin’s fixation, Heidenhain’s 
azan stain. x 150. 


with Heidenhain’s azan, the structure and the stain reaction of these two 
particular types of the hypertrophied basophils tally with those described 
by Romies*®’ in rgard to the earlier and the later stages of the so-called 
castration cells respectively. These particular cells varied in number 
from animal to animal, but they were less frequently encountered in the 
female injected rats than in the male ones. 

In the thymus, reduction of the cortical substance and degenerative 
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changes of thymocytes were noted. Routine histological examination 
showed no particular change in the thyioid and adrenal glands. 


TABLE IV 
Color Reactions showed by the Extract of Psidium Root 


(1) Formaldehyde test: precipitation by boiling and blue color showed by the filtrate 
with addition of iron alum and sodium acetate. 

(2) Brom test: no precipitation. 

(3) Acetic acid—lead acetate test: precipitation. 

(4) Iron alum test: blue violet color. 

(5) Concentrated sulfuric acid: brown color. 

(6) Lime water: no precipitation. 


Discussion 

It is well known that suppression of estrous cycle and sex organ atrophy 
may result from inanition®’-'") and vitamin deficiency!?’-). These con- 
ditions may be ruled out, because the food intake of the treated animal did 
not decrease in spite of the growth retardation. 

Pituitary gland, thyroid and adrenal gland have intimate relation- 
ship with reproductive organs. ‘Therefore, one must consider whether the 
action of psidium on the sex organs is direct or indirect. We may rule 
out participation of the thyroid, because no significant change in the 
weight and histological finding of the thyroid gland was found. Skelton 
and Grant*®) suggested that a reduction in pituitary gonadotropin secre- 
tion, resulting from the stress, nonspecific damage at the injection site, 
may play some part in lithospermum activity. Marked tissue tecrosis 
and induration at the injection sites, adrenal enlargement, and thymus 
involution were observed in the animal injected with psidium. Thus 
nonspecific stress would be introduced in the animals, but it remains an 
unsettled question whether the inhibiting action of psidium on the repro- 
ductive organs is solely due to stress caused by nonspecific damage at the 
injection site or not. Although the result on oral administration in the 
male mice was not definite, the estrous cycle in the female mice was in- 
hibited by oral administration. Therefore, we are inclined to the opinion 
that some factor other than nonspecific stress may participate in psidium 
activity. 

There are many possibilities concerning the mechanism of psidium 
action: 1) gonadotropin formation or secretion is inhibited; 2) action 
of circulating gonadotropin is inhibited; 3) sex hormone secretion is in- 
hibited primarily ; 4) action of sex hormone is inhibited; 5) the target 
organs of sex hormones are incapable to react to the hormone. The 
testes of the injected rats were found to be almost normal histologically, 
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but the prostate, seminal vesicles, and anterior pituitary were as castrate 
in type, as if the testes had been removed previously. Determination of 
fructose and citric acid in the accessory organs'®) coincides with the his- 
tological finding. Psidium induced the changes both in the male and the 
female, therefore its site of action seems not to reside in sex hormone nor 
sex organs, but rather in pituitary or circulating gonadotropin. The ap- 
pearance of vacuolated basophils in the anterior pituitary suggests that 
gonadotropin secretion did not decrease, but rather increased. ‘Thus, the 
mechanism of psidium activity may be considered as follows: psidium root 
extract inhibits gonadotropin action, and so sex hormone secretion decreases, 
thus atrophy of the acecssory organs of reproduction in the male, diestrus 
in the fe-nale, and the appearance of vacuolated basophils in the anterior 
pituitary are resulted. 

From the Halmi’s report!?) we know that vacuolated basophils also 
appear in the pituitary of rats undergoing acute stress, although its number 
is not so numerous as that of castrated rats. Special staining of the pituit- 
ary, enabling both differentiation of delta cells from beta cells and also 
cell counts of the different types of the chromophils, and at the same ume 
gonadotropin assay of the pituitary are undertaken in order to clarify the 
mechanism of psidium activity. 

It is interesting that the action of psidium resembles with that of 
lithospermum in many respects: 1) atrophy of accessory organs in male 
rats and diestrus in female by subcutaneous injection; 2) no definite action 
in rats by oral administration ; 3) adrenal enlargement, thymus involution 
and tissue necrosis by subcutaneous injection; 4) quite similar histological 
findings in testis and accessory organs of rats. 

Concerning the active principle of lithospermum, Skelton and Grant®? 
assumed it to be tannin, but Graham and Noble!* supposed it not to be 
tannin on account of its thermolabile property. Psidium root was reported 
to be rich in tannin’®’, and by examination of color reaction we found that 
it showed color reaction of pyrogalloltannin and that of tannin belonging 
to group III a (Table IV) according to the classification described in 
Klein’s handbook®”), We cannot say from the present data whether the 
active principle of psidium is tannin or not, but some questions whether 
all kind of tannin can induce sex organ atrophy and diestrus, or whether 
only some group of tannin have such specific action, remain to be solved, 
even if the active principle of psidium is tannin. There are many plants 
which contain tannin, but Formosans use them for different purposes. 
For example, Euphorbia thymifolia L, Euphorbia hiruta L, are used for 
the treatment of bloody stool, Agrimonia eupatoria L as antidiarrhoica, 


and Lonicera japonica Thunb var. sempervillosa Hay as a wash of erup- 
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tion. Such facts seem to be worthy of consideration. Sanyal*!) reported 
that a methylated hydroquinone or similar acetylated compound was 
responsible for the sterility effect of feeding peas (pisium sativum) in the 
diet of rats and Noble and Graham”) said that it inactivated directly preg- 
nant mares serum gonadotropin in a similar fashion to lithospermum 
extract. For the clarification of the active principle, it must be studied 
whether psidium contains quinone or related compounds. 


SUMMARY 


1. Extract of psidium guajava root induced sex organ atrophy in 
male rats and diestrus in the female by subcutaneous injection. Growth 
retardation, adrenal hypertrophy, thymus involution and local necrosis 
were observed also. 

2. No remarkable change was found in the orally administered rats. 

3. Vacuolated basophils were found in the anterior pituitaries of 
the injected rats, especially many in the male. 

4. Odestrous cycle of mice was inhibited by oral administration of 
large amount of psidium extract. Slight decrease of the weight of the 
prostate with seminal vesicles was observed in male young mice but it is 
not statistically significant. 
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Mann and his coworkers”) established fructose and citric acid as 
secretory products of certain accessory glands of reproduction in several 
mammalian species; in rats the fructose was found in the coagulating 
gland and dorsolateral prostate, and citric acid in the seminal vesicle and 
ventral prostate. Further it was demonstrated that the secretion of fruc- 
tose and citric acid depended upon and was regulated by the male sex 
hormone*’. Thus the ‘ fructose test’ was described and developed as an 
indicator of male sex hormone activity*?. 

One of the authors reported that administration of Psidium root ex- 
tract caused diestrus in female and involution of the accessory organs of 
reproduction in male rats®). From the histological findings of the male 
accessory organs of reproduction and the anterior hypophysis, decreased 
secretion of sex hormone was suggested. 

In order to insight the androgenic activity of the rats injected with 
extract of root of Psidium guajava from the chemical standpoint, fructose 
and citric acid content of the male accessory organs of reproduction were 
determined. 


EXPERIMENTAL 
Material and Methods 


Rats of the same weight and same age were divided into two groups ; 
one group was administered with water extract of root of Psidium guajava 
(30 days’ oral administration or 10 days’ subcutaneous injection), and 
another served as control. Following the last day of administration, the 
rats were killed under ether anesthesia in order to prevent ejaculation and 
loss of secretory fluid from the accessory organs of reproduction and the 
organs were analyzed together with the secretion contained in them. To 
299 








300 C. Chang and M.T. Peng 


ensure uniformity the dissection of organs was performed by one person. 
Immediately after the dissection and weighing, the organs were ground 
with trichloracetic acid (10°) and protein-free extracts were obtained by 
centrifugation. The coagulating gland and dorsolateral prostate provided 
the material for fructose analysis and the seminal vesicle and ventral 
prostate were used for citric acid estimation. Fructose was determined 
by the method of Roe® and citric acid by the method of Natelson’). 


RESULTS 


Oral administration. After 30 days’ administration in a daily dose 
of 0.3-0.6 gr. per animal, neither the weights nor the fructose content of 
dorsolateral prostate and coagulating gland differed very much from the 
control (Table I). 

Subcutaneous injection. After 10 days’ injection in a daily dose of 15 
mg. per animal the fructose content of dorsolateral prostate and coagulating 
gland in unit weight as well as in total gland decreased, although the 
weight of prostate did not decrease very much (Table I). By a daily in- 
jection of 30 mg., the difference was more prominent (Table I). After 
10 days’ injection in a daily dose of 30 mg., the citric acid content in the 
seminal vesicle decreased (Table II). Although the citric acid level in the 
ventral prostate was almost the same with the control animal, the total 
citric acid content in the accessory organs of reproduction was low in the 
injected animals. 

Discussion 


Mann and his coworkers‘) described the ‘ fructose test’; it is based on 
the findings that testicular hormone activity is reflected in most sensitive 
manner in the capacity of the accessory organs to produce fructose and 
that therefore the actual level of fructose in the accessory organs of repro- 
duction provides an accurate indicator of endocrine testicular function. 

The results of chemical analysis of fructose and citric acid in the ac- 
cessory organs of reproduction of the rats given Psidium root coincided 
with the gross measurement (weight and size) and histological appearance”). 
Although the weight of dorsolateral prostate did not decrease very much 
by a daily injection of 15 mg. for 10 days, its fructose level decreased con- 
siderably. In this respect the chemical analysis seems to be more sensi- 
tive than the gross examination. Decrease of fructose level seems to be 
more marked than that of citric acid, although we did not estimate them 


in the same animal. 
CONCLUSION 


The fructose content of dorsolateral prostate and coagulating gland/ 
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and the citric acid level of seminal vesicle are lower in the male rat injected 
with the root of Psidium guajava L. than in the control. 
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